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SUMHAKT 
The thesis consists of two parts composed of several chapters 
dealing with both analytical and synthetic experiments. The 
Part One has four chapters dealing with the compositional 
studies of minor seed oils, characterization of nitrogen-
containing fatty acids (cyanolipids) in Cupania anacardioides 
(Sapindaceae) seed oil, unsaponifiable matters and acetotri-
acylglycerols in Celastrus paniculatus (Celastraceae) seed oil. 
Chapteis 5 - 8 of Part Two describe the results of derivatizatic 
of fatty acids. The last chapter - 9 is devoted to a study of 
antimicrobial screening of tetrazoles and pyrazolines. 
Part One 
In continuation of the chemical screening programme, a study o1 
seed oils from different species belonging to less familier 
families was undertaken for the examination of their gross fati 
acid profile and unsaponifiable constituents. 
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1. Minor Seed Oils 
Seven wild oil-bearing species, [Meurites molucanna(Euphorbia-
ceae), A. montana (Euphorbiaceae), Cickrassia tabularis 
(Leguminosae), Solanum seaforthianum (Solanaceae), Antirrhinum 
ma.jus (Scrophulariaceae), Callistemon viminalis (Myrtaceae) and 
Hardwickia pinnata (Leguminosae)] have been analyzed by using 
chromatographic and spectroscopic techniques. Seed oils of A« 
molucanna and A. montana are characterized by the presence of 
A6,3'/. and 48.Oj^ oil contents respectively. Another important 
feature of these species surveyed is the occurrence of linoleic 
acid as high as 45.0>< and 66.52;< in both the seed oils. The 
seed oil of S. seaforthianum and C. viminalis are found to con-
tain 84,5 and 87.74;^ unsaturated acids comprising mainly oleic 
and linoleic acids,. Significant features of the other species 
analyzed are the presence of stearic Al*73y, (A. molucanna). 
oleic 32.6 - 53.7>i (C. tabularis, A. ma jus and H. pinnata) and 
linoleic 30.5 - 78.15>< (In all species except A. ma.1 us) acids 
as dominating components. The seed species having greater than 
15;< oil content deserve agronomic evaluation. The seed oil of 
H. pinnata (Leguminosae) has been found to contain 7.1j^  vernolic 
acid (epoxyoleic fatty acid). The presence of epoxy acid was 
confirmed by TLC and GLC of the oxygenated fractions. 
2. Cyanolipids in Cupania anacardioides Seed Oil 
The seed oil of C. anacardioides (Sapindaceae) was found to 
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contain cyanolipid I (41.3><) and cyanolipid III (11.7j^). The 
structure of these lipids were established by various spectros-
copic (IR and NMR) and chromatographic (TLC and GLC) methods. 
The occurrence of cyanolipids are reported for the first time in 
Cupania species. 
3. Unsaponifiable Constituents 
This part illustrates the results of the unsaponifiable portions 
of [Mimusops elenqi (Sapotaceae), Mimusops hexandra (Sapotaceae), 
Nymphaea nelumbo (Nymphaeaceae) and Vinea rosea (Apocynaceae)] 
seed oils. Identification and characterization of different 
components were done on the basis of chromatographic and spec-
troscopic methods. 
(a) Analysis of Mimusops elengi seed oil (Sapotaceae) 
Unsaponifiable constituenti of M. elenqi weoe analyzed by different 
spectral and chromatographic techniques. Unsaponifiable lipids 
were found to contain a mixture of n-alkanes C,^ - C-^ cj 24-methyl-
enecycloartanol, lupeol, butyrospermol, cx-amyrin, P-amyrin, 
taraxasterol and ijj-taraxasteroi; cholesterol, compesterol, stig-
mas terol and p-sitosterol, 
(b) Analysis of Mimusops hexandra Seed Oil (Sapotaceae) 
The unsaponifiable matter of M. hexandra was found to contain a 
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mixture of n~alkane C,^ - C^^. The triterpene alcohol 
fraction consists primarily of pentacyclic triterpene alcohols 
of which p-amyrin forms the major component {Al.Q'/.) followed 
by aliphatic alcohols. The sterol fraction gave seven peaks 
out of which fi-sitosterol (48.7;^ ) and stigmasterol (23.6><) 
predominate. 
(c) Analysis of Nymphaea nelumbo Seed Oil (Nymphaeaceae) 
N. nelumbo seeds contain unsaponifiable content (ICV). Identi-
fication of unsaponifiable contents was based on chromatographic 
methods. It contained a mixture of n-alkanes Cj^ y ~ ,^ 29* ^^~ 
raethylenecycloartanol, cycloartenol, p~amyrin; compesterol, 
24-methyleneseterol, fucosterol, isofucosterol and p-sitosterol. 
(d) Analysis of Vinea rosea Seed Oil (Apocynaceae) 
The non-saponifiable content of V. rosea was found exceptionally 
high, about 14^. The method for the separation and identifica-
tion of different fractions by chromatography have involved, 
isolation of hydrocarbons, triterpene alcohols and sterols 
from the unsaponifiable lipid. This was found to contain a 
mixture of n-alkane Cj^ y - C^ oJ ct-amyrin, p-amyrin, cycloartenol, 
lupeol, 24-methylene-24-dihydroparkeol; 24-methyl-22E-dehydro-
cholesterol, p-sitosterol, compesterol and stigmasterol. 
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4. Acetotriacylglycerols in Celastrus paniculatus 
(Celastraceae) Seed Oil 
C« paniculatus seeds yielded b2'/. oil. The present study on 
C. paniculatus was undertaken with the view to establish 
whether triacylglycerols of this oil rich species are esteri-
fied with acetic acid or not. The glyceride composition of 
oil has been determined by a combination of methods involving 
TLC, GLC and lipolysis. Presence of acetic acid in the frac-
tionated oil was confirmed by IR and NMR spectroscopic analyses. 
On the basis of these results it was confirmed that in the 
monoacetotriacylglycerols fraction the acetate group is 
esterified at cx~position. GLC of the monoacetotriacylglycerols 
showed only two peaks at retention times corresponding to C^^ 
and Co^ components of coconut triacylglycerols. These com-
ponents could then contain C2 Cn^ C,x (C^^, 43.3><) and C2 C-,£^ C^ o 
{CoA* 56.6>i) acids. These structures are in agreement with GLC 
of methyl esters prepared from the monoacetotriacylglycerols. 
Of the longer chain acids only C,^ and C^ g acids were present. 
Part Two 
This part describes the preparation, reaction and characteriza-
tion of nitrogen and phenylseleno derivatives of fatty acids. 
The structure of pure isolated products have been established 
VI -
by chemical and spectral methods. A study of antimicrobial 
screening of tetranitrogenous (tetrazoles) and dinitrogenous 
(pyrazolines) fatty acid derivatives have been given in the 
last chapter. 
5. Synthesis of Long-Chain Fatty Tetrazoles 
An attempt has been made to prepare tetrazole fatty derivatives 
from fatty methyl olefinic esters by using different nitriles 
such as acetonitrile and benzonitrile in presence of bromine 
and sodium azide as reagents and anhydrous AICI3 as catalyst. 
Methyl undec-10-enoate (1) was reacted with bromine and 
sodium azide (NaNo) in acetonitrile (CH3CN) in presence of anhy-
drous aluminium chloride (AlClo) leading to the formation of 
10,11-dibromoundecanoate (2) and methyl ll-bromo-10-(5'-methyl 
lH-tetrazol-1-yl) undecanoate (3) [Scheme - l], while that of 
1-octene (4) gave 1,2-dibromooctane (5) and l-bromo-2-(5'-methyl 
lH-tetrazol-1-yl) octane (6) [Scheme - 2]. The compounds (2) 
and methyl ll-bromo-10-(5'-phenyl lH-tetrazol-1-yl) undecanoate 
(10) were prepared from 1 in the same manner as described above, 
except replacing acetonitrile with benzonitrile [Scheme - l]. 
Scheme - 1 
- v i i -
CH/p — CH "" CHr\ " R 
(1) 
Y-CN/Br2/AlCl3 
NaN-
•> CH2-CH-CH2-R 
Br Br 
(2) 
CHo - CH " CHo 
- R 
U' 
R = (CH2)7-C00CH3 
3 : Y = CH3 
10 : Y = C^H^ 
Scheme - 2 
( 3 , 1 0 ) 
CH2=CH-CH2(CH2)4CH3 
(4) 
CH3CN/Br2/AlCl3 
NaN. 
4 CH2-CH-CH2(CH2)4CH3 
Br Br 
(5) 
-> CH2-CH-CH2(CH2)4CH3 
Br N 
iC C-CHo 
(6) 
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Methyl octadec-cis--9-enoate (7) was allowed to react 
with sodium azide in acetonitrile under the similar conditions 
described in previous two schemes. The products were charac-
terized as methyl 9,10-dibromooctadecanoate (8) and methyl 
threo-9(10)-bromo-lOC9)-(5*-methyl lH-tetrazol-1-yl) octadeca-
noate (9). Similar treatment of 7 with benzonitrile yielded 
8 and methyl threo-9(10)-bromo-10(9)-(5'-phenyl lH-tetrazol-1-
yl) octadecanoate (11). Isomeric nature of the compounds(9,ll) 
was confirmed by NMR and MS studies [Scheme - 3] 
Scheme - 3' 
R-CH=CH-R 
(7) 
Y-CN/Bro/AlCl^ 
_RI £ ± 
NaNo 
R — CH-2"'tCHQ) >y 
R'= (CH2)7C00CH3 
9 : Y = CHo 
11 Y = C^H^ 
X : I^  V . 
W // 
N N 
-> R - CH - CH - R' 
Br Br 
(8) 
10 9 
R - CH - CH - R' 
{ Br.X 
(9,11) 
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Dehydrobromination of a-bromotetrazoles (3,6,9-11) 
a-Bromotetrazoles (3,6,9-11) on refluxing with lyi sodium 
ethoxide as reagent and solvent both, yielded their respective 
dehydrobrominated tetrazoles. 
When 3 and 6, refluxed with lyi sodium ethoxide, yielded 
methyl 10-(5'-methyl lH-tetrazol-1-yl) undec-10-enoate (12) and 
2-(5'-methyl lH-tetrazol-1-yl) octa-1-ene (13), respectively 
(Scheme - 4). Similar treatment of 10 with ly. sodium ethoxide 
yielded methyl 10-(5'-phenyl lH-tetrazol-1-yl) undec-10-enoate 
(14). 
Scheme - 4 
ly, sodium ethoxide 
(3,6,10) > CH2 = CH - CH2 - R 
reflux 
N C-Y 
\-i 
(12,13,14) 
3,10,12,14 : R = (CH2)7C00CH3 
6,13 : R = (CH2)4-CH3 
12,13 : Y = CH3 
14 : Y = C^H^ 
- X -
Compounds (9,11) were refluxed with 1'/, sodium ethoxide 
solution, a quantitative yield of dehydrobrominated products 
methyl 9(10)-(5'-methyl lH-tetrazol-1-yl) octadeG-9(E)-enoate 
(15) and methyl 9(10)-(5'-phenyl lH-tetrazol-1-yl) octadec-
9(E)-enoate (16) were obtained respectively [Scheme - 5]. 
Scheme - 5 
ly, sodium ethoxide 10 9 
(9,11) > R - C = C - R' 
reflux |H.: 
(15,16) 
R = CH3-(CH2)7; R' = (CH2)7C00CH3 
9,15 : Y = CH3; 11,16 : Y = C^ H^ ^ 
I 
X : N 
C-Y i 
6. Synthesis of Long-Chain Fatty Pvrazolines 
Fatty pyrazolines were prepared from methyl octadec-4-oxo-
trans-2-enoate (17). The reagents involved in these prepara-
tions were hydrazine, phenylhydrazine and tolylhydrazine. The 
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yields of these pyrazolines (18-20) were nearly quan t i t a t i ve 
[Scheme - 6 ] . 
Scheme - 6 
0 0 
II II 
R-CH2-C-CH=CH-C-OCH3 
(17) 
R — CH-j—^CH/pJ -1 o 
NH2NH2 
-*R 
HN—14 
C^H^NHNH^^ 
CH3C^H4NHNH2 
(18) 
(19) 
•^6^4^ "3 
(20) 
7. Chlorophenylselenenylation of Olefinic Fatty Acids 
Chlorophenylselenenylation of olefinic ester (7) yielded two 
isomeric mixtures of methyl 9(10)-chloro-10(9)-phenylselenenyl-
octadecanoate (21) and methyl 9(10)-acetamido-10(9) phenyl-
selenenyloctadecanoate (22) [Scheme - 7], while that of 
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Y-hydroxyolefinic ester (23) yielded a cyclic compound, 9,12-
epoxy~13-phenylselenenyloctadecanoate (24) [Scheme - 8], A 
similar reaction with f3-hydroxyolefinic ester (25) yielded 
three products (26 - 28). Expectedly 25 gave phenylseleno -
containing cyclic ether (26) in 45;^  yield. This behaviour is 
attributed to the effect of neighbouring group participation 
by the hydroxyl located p to olefinic moiety. Two isomeric 
compounds (27,28) were also encountered [Scheme - 9]. 
Scheme - 7 
R-CH=CH-R' 
( 7 ) 
C^H^SeCl 
CH3CN/P-TSA 
R'= (CH2)yC00CH3 
R-CH=CH-CH2-CH2-CH-R 
(23) OH 
10 9 
-> R - CH - CH - R' 
{seC^Hs-CI 
(21) 
10 9 
R - CH - CH - R' 
|seC^H5.NHC0CH3 
(22) 
Scheme - 8 
Cz:H=SeCl 
_ i 2 - 2 > 
CH3CN 
R - CH - HC CH-R' 
SeC^H^ 
R = CH3-(CH2)4; R' = (CH2)7C00CH3 
(24) 
R-CH-CHo-CH=CH-R' 
OH 
(25) 
R = CH3-(CH2)5 
R'= (CH2)7CCXlCH3 
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Scheme - 9 
C^H^SeCl 
CH3CN 
SeC^H^ 
(26) 
10 9 
• R-CH-CHo-CH-CH-R' 
OH jSeC^Hp 
(27) 
10 9 
R-CH-CHo-CH-CH-R' 
OH. 
*C1 
SeCeHs-OH 
(28) 
8. m-CPBA Oxidation of Phenylseleno Fatty Derivatives 
The m-CPBA oxidation of phenylseleno containing cyclic ethers 
gave an excellent yield of a variety of olefins (29,31) and 
their respective epoxides (30,32) [Scheme - lOj. 
;3cneme - J.U 
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(24) 
(29) 
(29) 
(30) 
(26) (31) 
(31) (32) 
29,30 : R = CH3-(CH2)3; R' = (CH2)7C00CH3 
31,32 : R"= CH3-(CH2)5; R'" = (CH2)7C00CH3 
9. Antimicrobial Activity of Fatty Tetrazoles and Pyrazolines 
Fatty tetrazoles (3,6,9 - 16) and pyrazolines (18 - 20) des-
cribed in chapter 5 and 6 were subjected to microbial screening. 
The compounds were tested against 8 fungal and 4 bacterial 
strains and showed very high activity, most of them with 100 
percent growth inhibition even at 200 ppm. 
INTRODUCTIOI 
Oils and Fats play two important roles, one in human nutrition 
and other in industry. Dietary fats are more important for the 
developing countries as their caloric density is more than 
twice than that of proteins and carbohydrates. In the light of 
the present world trends in the Research and Development pro-
grammes of fats in general, it appears that future research 
shall have to be intensified in four directions: (a) chemical-
synthesis of fatty chemical; (b) biological-improving nutri-
tional qualities of edible oils; (c) industrial-application of 
non-edible oils for non-food uses and (d) agriculture-agronomic 
research and biotechnology. 
Vegetable oils are now firmly established components of 
many industrial products and contribute an important share to 
the oleochemical industry. With the increased price rise and 
reduced availability of petrochemicals, organic chemical indus-
tries are taking a hard look at renewable resources, such as 
vegetable oils, as starting materials for their products. India 
is a country rich in forest flora. Chemical screening of plants 
continues to reveal nature's diversity. Most of the forest 
minor oilseeds have not been examined by using the modern 
methods of lipid analysis. In the field of agriculture the 
problems of toxicity and encironmental pollution arising out 
of the conventional pesticides has focussed attention on the 
development of more harmless biodegradable plant pesticide. 
Keeping in view the aforementioned aspects of oils and 
fats and their utilization, the present research work reported 
in this thesis is aimed at: (a) analysis of lesser known seed 
oils; (b) preparation and characterization of new fatty acid 
derivatives and (c) evaluation of the fatty analogues for 
their microbial activity. 
P^arf ®ne 
Minor ^eeA C^ih 
THEORETICAL 
Chapter - 1 
Component Fatty Acids of Natural Fats 
/ During the last decade there has been a sharp increase in 
utilization of a wide variety of oils, fats and fatty acids. 
This is chiefly because of the advances made in the methods 
for lipid analysis particularly over the last decade.| The 
modern methods of fatty acid analysis using spectroscopic and 
chromatographic techniques have discovered about 800 natural 
fatty acids and the number is increasing rapidly. A large 
number of novel fatty acids have been discovered possessing 
very unusual structural features. )In this context, efforts 
have been made by many groups to explore minor seed oils from 
neglected forest wealths and to ascertain their edible and 
non-edible potential. Exploitation of minor seed oils like 
mohwa, neem, kusum, karanja, sal, mango and watermelon are 
yet to be revealed to their fullest extent. However, most of 
them have been well recognised in edible industries. Efforts 
are also being drawn up to realize full potential of industrial 
seed oils like castor, jojoba, Vernonia, Wriqhtia. Hydnocarpus 
etc. thereby substituting those oils which may meet food end. 
In this direction, we have also opted schemes of seed oil 
• 2 • 
screening in our laboratory. ' 
During the course of chemical compositional studies on 
seed oils, a large number of fatty acids containing unusual 
functions such as epoxy, hydroxy, cyclopropane and cyclo-
propene etc., differing in chain-length and sundry corabina-
la b tions of these unusual acids * have also been identified as 
a minor and/or major constituent of seed oils of vast plant 
kingdom. Though the occurrence of these unusual acids is 
scattered but sometimes they are specific to some particular 
species. 
Oxygenation of unsaturated fatty acids occurs during the 
ageing of seeds. Small amounts of oxygenated acids such as 
epoxy and conjugated dienol are widely distributed in seed 
2 
oils as minor constituents. Spencer _et a], have reported 
that if these acids are present in low concentration then 
they can be formed after harvest, and may result from the 
action of lipoxygenase in the seeds. 
^Hydroxy function-bearing fatty acids are widely distri-
3 
buted both m animal and vegetable oils. Downing and 
4 Markley have reviewed these naturally occuring hydroxy acids 
are known to occur in abscure seed oils but only few have 
been subjected to development research. The only hydroxylated 
commercial oil is castor oil ( Ricinus communis ) which con-
tains 90^ i ricinoleic (12-hydroxyoctadec-cis-9-enoic) acid. \ 
From our laboratory Siddiqui _et _al reported 84.3j< ricinoleic 
• 3 • 
acid from Hiptage benghalensls seed oil. Small amount of 
ricinoleic acid has also been reported in seed oils of 
7 8a 8b 
Phyllanthus niruri , Nymphaea stellata and Vinea rosea . 
Strophanthus (9~hydroxyoctadec-cis-12--enoic) acid, an 
9 isomer of ricinoleic acid was first reported by Gunstone in 
the seed oil of Strophanthus sarmentotus. The d-hydroxy 
olefinic acid, named as isoricinoleic (Strophanthus) acid was 
present in high amount in the seed oil of Holarrhena antidy-
senterica ./ Ansari et __al from author's laboratory reported 
this acid as a major component of the fatty acids present in 
the oils of Wriqhtia tinctoria and W. tomentosa. Siddiqi 
12 
et al have reported the richest source of isoricinoleic acid 
in W. coccinea seed oil. (This acid was also reported in vary-
18 ing amount in the seed oils of Solanum hispidum (Solanaceae), 
14 15 
Semicarpus kurzii (Anacardiaceae) and Strychnos potatorum 
(Loganiaceae) . 
I The u)-hydroxy acid i.e. a-kamlolenic (18-hydroxyoctadec-
cis-9, trans-ll, trans-13~trienoic) acid^has been reported in 
Trewia nudiflora seed oil. Previously this w-hydroxy acid 
17 has been found only in the seed oil of Mallotus philippinensis • 
The presence of 5,8,12-trihydroxyoctadec-trans--9-enoic acid 
18 in wheat bran has been demonstrated. 
A new fatty acid, 16-hydroxydocos~cis-13-enoic acid along 
with lesquerolic acid, a higher homologue of ricinoleic acid, 
was found in the seed oil of Heliophila amplexicaulis by 
• 4 • 
19 Plattner ^ jd •\ From author's laboratory isolation and 
characterization of a new P-hydroxy olefinic acid, 9-hydroxy-
20 
octadec-cis-ll-enoic acid from Plantaqo major seed oil was 
reported. 
A non-conjugated hydroxy diene, densipolic (12-hydroxy-
octadec-cis-9, cis-15-dienoic) acid has been discovered in the 
21 22 
species of Lesquerella densipila . Kleiman et aJ. has shown 
non-conjugated hydroxy diene acid in the seed oil of L, 
23 
auriculata* Smith and Wolff have discovered a very unusual 
hydroxy triene acid, a-hydroxylinolenic acid in Thymus vulgaris 
(Labiatae) seed oil. A new non-vicinal diol (9,14-dihydroxy-
octadecanoic) acid has been reported in the seed oil of Peqanum 
A number of acety-24 / N * harmala (Rutaceae) from our laboratory. 
lenic hydroxy fatty acids were reported from various families 
i.e. Olacaceae ~ , Compositae and Santalaceae 
Fatty acids containing oxo function are a rarity among 
29 / 30 
natural lipids of plant origin . /Smith reported the pre-
sence of an interesting homologous series of unsaturated oxo 
acids in the seed oil of Cuspidaria pterocarpa. These fatty 
31 
acids have been discovered in a few plant species of Rosaceae , 
32 30 
Compositae and Bignoniaceae . An oxo acid from the seed 
oil of Chrysohalanus icaco was reported by Gunstone and 
Subbarao . Phillips _et ^  have reported oxo fatty acids 
in low percentage in the oil of Monnina emarqinata. A novel 
dioxo fatty acid, 10,13-dioxo-ll-methyloctadecanoic acid was 
• 5 • 
isolated from Hevea brasiliensis . I Recently from our la-
35 boratory the seed oil of Plantaqo ovata has been found to 
contain a new oxo ( 9-oxooCtadec-£is-12-enoic) acid although 
in small amount. 
lAmong the naturally occurring cyclic fatty acids, cyclo-
propenoid (sterculic and malvalic) fatty acids (CPFA) have 
been found generally in four orders " (Malvales, Sapindales, 
Ebnales and Rhamnales) of plant species. The mechanism of 
biosynthesis of cyclopropene fatty acids in higher plants is 
39-40 less understood and has been briefly reviewed . A number 
of seed oils containing varying amounts of CPFA have been • 
41-44 ,45 
reported from author's laboratory . Ralaimanarivo et al 
have reported the presence of CPFA in few species of Adansonia. 
( In recent years, a number of olefinic acids ranging in 
chain length from C-^^ to C24 and containing 1-4 double bonds 
have been reported. Monounsaturation has been found in 
different positions of C-ig acids, i.e. 3,5,6,9 and 11. The 
Cng fatty acid having unsaturation at 7 position of the chain 
has not been reported in the seed lipids. The fatty acids 
containing isolated double bonds at 5,6 positions have been 
reported in seed oils of various species of Thalictrum and 
Aquileqia (Ranunculaceae). Limanthes douqlasii seed o 
was found to contain eicos-cis~5-enoic acid. Thalictrum 
venulosum seed oil contained this acid as well as octadec-cis-
5-enoic acid. Recently, w-S-monoenes have been reported in 
: 6 : 
38 the seed oil of Grevillea decora . The unsaturation amongst 
C,^ acids in seed fats is not as common as in Cig, though the 
monounsaturation has been found at the 3,5,6,7 and 9 positions. 
Hexadec-cis-6-enoic acid (82.2;^ ) in Thunberqia alata , hexa-
dec-cis-9--enoic (palmitoleic) acid in Zanthoxylum alatum and 
48 Qchna artopurpuria have been reported in fairly good amount. 
(Fatty acids with epoxy group occur naturally in seed oils 
of a considerable number of plant species in twelve plant 
49 50 
families. Krewson and Earle reviewed the literature on 
epoxy seed oils. ^Vernoleic acid was the first acid of this 
51 
class, and was characterized by Gunstone . From author's 
52 laboratory Vernonia volkameriaefolia seed oil was discovered 
as an additional rich source of vernolic acid. Coronaric 
(cis-9,lQ-epoxyoctadec-cis-12-enoic) acid, an isomer of ver-
50 / 
noleic acid was discovered by Earle . These two epoxy acids 
are structurally related to the linoleic acid.) Saturated 
epoxy (cis-9,10-epoxyoctadecanoic) acid was reported in the 
53 
seed oil of Traqopoqon porrifolius and in the spores of 
54 55 
Lycopodium . Its trans isomer was isolated by Vioque et al 
in the olive oil. Minor amounts of epoxy (octadec-cis-9, 
56 10-epoxy-tranS'-3,cis-12-dienoic , octadec-cis-12.13-epoxv~ 
57 
cis-6, cis-9-dienoic , octadec-cis-15,16-epoxy-cis-9, cis-12-
58 dienoic ) acids have also been reported in many seed oils of 
Compositae family. A CgQ homologue of vernolic named alchor-
nic (eicos-c_ls-14,15-epoxy-£is-ll-enoic) acid has been isolated 
• 7 • 
• • • 
59 by Kleiman et aJ .in the seed oil of Alchornea cordifolia. 
/Recently from our laboratory the seed oils of Mucuna 
pruriens , Abe'lmoschus nioschatus , Hibiscus mutabilis , 
Acacia catechu , A. mallifera , Centratherum ritchei. , H. 
fsf\ f^l Aft 
esculentus , Kiqelia pinnata , Cosmos sulphureus , Ualva 
iiQ 7 0 71 
sylvestris » Leonurus sibiricus and Hardwickia pinnata 
have been found to contain vernolic acid in varying amounts. 
The epoxy acids in general may be regarded as derivatives 
of oleic, linoleic and linolenic acids, in which one of the 
double bond is epoxidized through metabolism. 
Isolation and Characterization of Fatty Acids 
Over the last decade advances in the methodology for lipid 
analysis have been noteworthy. The complexity in the analysis 
of fatty acids had created many problems in their detection, 
isolation and structure determination. This picture has 
become changed with the advances in the methods for lipid 
analysis. During the past few years, there has been great 
revival of interest in liquid column chromatography (LCC) for 
analytical purposes. The preparative GLC has also been recent-
ly exploited in the purification of the components from a 
complex mixture. HPLC is the latest achievement among the 
chromatographic techniques. 
t 72 
/ Scholfield has separated fatty acid methyl esters using 
silver nitrate-WPLC. The technique is highly sensitive and 
: 8 I 
micrograms of the mixture are required. Many workers 
have carried out the isolation, characterization and separa-
tion of cis and trans isomers of fatty acids by HPLC 
Similarly, various spectroscopic techniques,viz., high 
resolution proton nuclear magnetic resonance ( H NMR), carbon 
13 77 
nuclear magnetic resonance ( C NMR) , liquid chromatography 
78 
mass spectrometry (LCMS) and gas chromatography mass spectro-
79 
metry (GCMS), chemical ionization mass spectrometry (CIMS) 
80 
and mass spectrometry mass spectrometry (MSMS) give utmost 
satisfactory results and open new unexpected avenues for the 
analysis of unknown fatty compounds. 
In addition to the aforesaid techniques, if the unknown 
fatty^acid is not pure but is contaminated with other isomers, 
these physical methods can not alone provide the chemical 
information about the structure. ] In such an instance the 
chemical methods like catalytic hydrogenation, hydroxylation, 
oxidative degradation, partial hydrogenation and partial oxida-
81 82 
tion, photo-oxygenation, alkoxybromination , thiocyanation , 
oq 
oxyselenation ,Diel's~Alder reaction and hydrogen bromide 
reaction are used in conjugation with physical methods. 
84 Recently,alkylthiolation reaction has been used to determine G 
the position of double bond in fatty acid cRain. 
DISCUSSIOK 
Minor Seed Oil Analysis 
In continuation of minor seed oil screening programme carried 
out in our laboratory a study of seven seed oils belonging to 
five families was undertaken in the hope of finding some s«ed 
oils of possible commercial value. The primary purpose is to 
permit selection of oils of unusual and potentially useful 
composition rather than to unravel the gross fatty acid profile. 
The screening programme of seeds of unusual families may reveal 
the potential of lesser known wild oilseeds abundantly available 
in Indian flora. 
The seed and oil characteristics are given in Table - 1 
along with the fatty acid composition of the seed oils. The UV 
and IR spectroscopic analysis of seed oils showed no conjuga-
tion, trans-unsaturation or any unusual functional groups. 
Various TLC techniques confirmed the absence of oxygenated 
acids and/or unusual functionalities. Argentation TLC of the 
esters gave clear spots corresponding to the saturates, monoenes, 
dienes and trienes. The presence of various acids (Ci^* ^ 14» 
^16* ^18* ^ 20* ^ 22 °"^ ^ ^ 24^ ^ ^^ revealed by reversed phase 
TLC as their methyl esters. 
: 10 : 
Quantitative estimation of fatty acid components as their 
methyl esters was undertaken by gas liquid chromatography (GLC) 
and weight percentage of the component fatty acids (as calcu-
lated from the recorded peaks). Identification of each acid 
was achieved by comparing its retention time with that of lipid 
standards (obtained from SIOViA CHOviICALS, USA). Occasionally 
saturated, mono and polyethenoid esters were separated by 
preparative silver-ion chromatography and reexamined by GLC. 
Aleurites molucanna, Linn, Willd (item 1, Candle nut 
tree) and A. montana, E.H. Wils (item 2, Wood-oil tree) 
belong to family Euphorbiaceae. Seeds of A. molucanna.yield a 
drying oil (Lumbang oil),are used in paints and varnishes. 
Bark is used for tanning nets. Seeds are laxative and their 
87 
oil is purgative and used effectively in curing piles 
Candles shaped from the paste of kernels are used for illumi-
nation. Seed oil of A. montana called Abrasian oil or Mu oil, 
possesses a high degree of water resistance, gloss and durabi-
lity. Seed oils of item 1 and 2 contained the conventional 
mixture of fatty acids, usually associated with Euphorbiaceae 
seed fats, major being linoleic acid (item 1, 45,05/i, item 2, 
66.52j<). Another noticeable feature of these oils is the 
presence of palmetic acid in appreciable amounts, (item 1, 
41.73;4)and (item 2, 27.99?^). Variation in composition of oil 
from different individual candle nuts was studied by Hilditch 
go 
et _al from a single t ree grown at the Scott Agricultural 
: 11 : 
station, Nairobi and Kenya. The factors such as, for example, 
89a 
exposure to direct sun rays may have an appreciable effect 
on the rate of development of a seed, and therefore on the 
precise composition of its oil. Earlier the linoleic acid 
contents recorded for the candle nut oils range from 23 to 35 
percent and saturated acids remaining relatively constant at 
10-14 percent. The seed oil of item 2 was found to have large 
variations in the fatty acid composition as reported by Hilditch 
90 
and Mendelowitz . This difference in fatty acid profile 
might be due to the differences in varietal and agronomical 
conditions. This oil may be classified as a linoleic-rich dry-
ing oil and can be used in the formulation of synthetic resins. 
Cickrassia tabularis, Linn (item 3, Leguminosae) has the 
ordinary palmitic-oleic-linoleic type of composition and it has 
been well documented that leguminosae seed fats resemble this 
type of composition. Among unsaturated acids, the GLC analysis 
showed oleic acid as the major component (33.7><) followed by 
linoleic acid (30.5j^ ) . The combined content of oleic and 
linoleic acid (64.2^) indicated that this oil belongs to the 
category of 'semi-drying oils'. Among the saturated acids, 
stearic acid was found as a major component followed by palmi-
tic acid. 
Solanum seaforthianum. Andr (item 4, Potato-creeper, 
Solanaceae) a native of the straights settlements cultivated 
throughout India. Extract shows antiprotozoal activity 
: 12 : 
91 
against Entamoeba histolytica strain STA . Extract has 
been fractionated and their hypotensive activity confirmed. 
Seeds of item 4 contains lb'/, oil. The fatty acid profile 
revealed by GLC indicated 84.5>< unsaturated acids, a good 
characteristic of edible oil. It is composed of oleic (16.6yi), 
linoleic (66.4ji) and appreciable amount of palmitic (14.C^) 
acids. This oil somewhat resembles maize oil, which contains 
oleic and linoleic acids as major-components. 
Antirrhinum majus, Linn (item 5, Scrophulariaceae). 
92 Previous analysis of the seed oil of this family identified 
oleic, linoleic and palmitic as its major components. The 
present analysis by GLC showed a different fatty acid profile. 
This oil is composed of linoleic (18.8j^), oleic (53.7;^ ) and a 
fairly good amount of stearic acid (25.6><). An important 
finding is the absence of Y -linolenic acid in A. majus seed 
oil, which has been reported to be present in some species of 
92 this family . The combined content of oleic-linoleic (72.5>i) 
acids, the characteristic of 'vegetable drying oils' was a 
special feature of this less familier indigenous seed oil. 
Callistemon viminalis, G. Dan (item 6, Soland, Myrtaceae) 
is an ornamental tree found cultivated in India. The plants 
of genus Callistemon are commonly called Bottle Brush. This 
93 
species was reported as a source of essential oil . Fatty 
acid analysis by GLC showed oleic(9.5^)and linoleic (78.15j<) 
acids. The total content of saturated acids was-—' 12.25j^. 
: 13 : 
A noticeable feature of this oil is a higher content of 
linoleic (78.15>i) acid. This appeared to be an unusual seed 
oil as it contained67-74j!fcombine content of oleic-linoleic acids, 
and resembles somewhat sunflower seed oil and may be catego-
rized in the list of semi-drying oil. However, low oil content 
limit its commercial application. . 
Hardwickia pinnata, Roxb (item 7, Leguminosae) is a tree 
found on the Ghats of Kanara, Travancore and Karnatic region. 
The seeds of this species have remarkable medicinal properties. 
94 It yields Balsam or oleoresin and has the smell and taste of 
95 
Copaiba balsam and used for gonorrhea with some success . H. 
pinnata (item 7) seed oil responded positively to picric acid 
96 
TLC indicating the presence of epoxy group. IR spectrum 
showed characteristic bands for epoxide at 840 and 826 cm" . 
On the basis of IR, UV and TLC the possibility for the occurr-
ence of oxygenated acids other than epoxy acid in the oil was 
ruled out. The epoxy content of the oil was found to be 7,iy. 
97 by HBr titration^ . 
GLC of the methyl ester (prepared by transesterification 
using 0.5N sodium methoxide) revealed that oleic (32.6;^ ) and 
linoleic (33,5yi) amongst the unsaturated acids were found to 
be the prominent fatty acids, behenic (14.3yi) is the major 
saturated acid together with palmitic (9.9^) acid. 
Characterization of epoxy acid was done by direct aceto-
lysis of oxygenated triglyceride followed by saponification and 
: 14 : 
acidification. The dihydroxy acid isolated by column chro-
matography was equivalent to 1,1'/. of weight of oil. The methyl 
ester of the dihydroxy acid derived from H. pinnata showed a 
broad IR band at 3450 (hydroxy), 3010 (H-C=C-) and 1715 cm"-'-
(QOOH) . Its j^MR spectrum displayed two structure-revealing 
multiplets at d 3.59 (2H,2xCH-0H) and 5,42 (2H,-CH=CH-). The 
dihydroxy acid (mp 53-54 C) was identified as 12,13-dihydroxyocta-
51 dec-cis-9-enoic acid (Lit. mp 54-55 C) by comparison with an 
authentic sample of threo-12,13-dihydroxyoctadec-cis-^9-enoic acid 
prepared from the seed oil of Vernonia anthelmintica. Confir-
mation of this assignment was furnished by hydrogenating the 
original dihydroxy acid. The IR, hWR spectra and the TLC re-
tention characteristics of saturated and unsaturated dihydroxy 
acids on silica and silica-impregnated with boric acid resemble 
with those of saturated and unsaturated dihydroxy acids derived 
from V. anthelmintica seed oil. 
Permanganate-periodate cleavage has been employed to locate 
the positions of double bond and hydroxy groups in the fatty 
chain. The original dihydroxy acid (Ila) when oxidatively 
cleaved,produces hexanoic (IV) and azelaic (VI) acids(Scheme - 1) 
as identified by GLC. The saturated dihydroxy acid (III) 
afforded hexanoic (IV) and dodecanedioic (V) acids. The 
cleavage pattern placed the double bond at CQ-C,Q position 
and the hydroxyls at Z-^^ and Cj^ g positions. Thus, the original 
component of the oil from which dihydroxy acid was obtained is 
CH3 - (CH2)4 - CH - CH 
^0' 
CH2 - CH = CH - (CH2)7 - COOR 
( I ) 
i ; a , R = H 
I j b , R = CH3 
1 . CH3COOH 
2 . KOH 
4-
3 . H 
CH3 - (CH2)4 - CH - CH - CH2 - CH = CH - (CH2)7 COOR 
OH OH ( I I ) 
I I J a , R = H 
I I ; b , R = CH3 
H2/PCI-C 
CH3 - (CH2)4 - CH ~ CH - (CH2)iQ COOH 
OH OH 
( I I I ) 
MnO^/lO^ 
CH3 - (CH2)4C00H + HOOC - (CH2) io ^ ^ ° " 
( IV) (V) 
CH3 - (CH2)4 COOH + HOOC - (CH2)7 COOH 
(IV) (VI) 
Mn04/ I04 
Scheme - 1 
: 15 : 
£is-12,13-epoxyoctadec-cis-9-enoic (12,13-epoxyoleic) acid. 
In general the seed oil compositional data indicate that 
the oils of S. seaforthianum and C. viminalis were characteri-
zed by the presence of 83.7 8- 87.74>i unsaturated acids compris-
ing mainly oleic and linoleic, which have potential for use 
as edible oil. The oil of Callistemon viminalis was extremely 
rich ( -'*-' 87,lAyi) in combined oleic-linoleic acid content and 
somewhat resembled sunflower seed oil. The low oil yields 
preclude its use as a source of minor oilseeds. Significant 
features of the other five species surveyed are the presence 
of stearic 41.73>i (item 1), oleic 32.6 - 53.7/. (item 3,5 and 
7) and linoleic 30.5 - 78.15/ (item 1-4,6 and 7) acids as 
dominating components. Further, it must be assumed in a screen-
ing programme that the sample analyzed is representative to 
serve as a guide for further study of oils for specific uses 
and for evaluation as a prospective crop. 
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EXPERIMENTAL 
All melting points were observed on a Kofler apparatus and are 
uncorrected. Infrared (IR) spectra were obtained with a Pye 
Unicam SP 3-100 spectrophotometer usually as nujol mulls, neat 
or thin films between KBr discs and values are expressed in 
cm" . Ultra violet (UV) spectra were determined on Perkin-
Elmer 202 Ultra-violet visible and Beckman DK-2A spectrophoto-
meter in methanol. Nuclear magnetic resonance (NMR) spectra 
were run on a Varian A 60 instrument with tetramethylsilane 
(TAAS) as internal standard. NMR values are given in ppm (d). 
The abbreviations, 'w, s, d, m, br and t* denoate 'weak , 
singlet, doublet, multiplet, broad and triplet', respectively. 
Mass spectra (MS) were measured with a JEOL JMS-D300 instru-
ment at 70 eV. In the absence of 'ACCURATE' and 'DEUTERATED' 
mass spectra all the fragmentation schemes are to be considered 
tentative. 
Thin layer chromatographic (TLC) plates were performed on 
glass plates with 0.25 mm or 1.00 mm thick layer of silica gel 
or 20^ silver nitrate impregnated silica gel with 20^ or 20/, 
diethyl ether in hexane as developing solvent. The plates were 
: 17 : 
visualized by spraying 20/. aqueous solution of perchloric acid 
and heating at 110 C. Preparative plates were sprayed with 
0.2^ ethanolic solution of 2', 7'-dichlorofluoroscein and 
viewed under UV light. For reversed phase TLC, the dried 
plates coated with silica gel were impregnated with silicon 
oil (0.5;^). Acetonitrile-acetic acid-water (70:10:20, v/v) 
were used as developing solvent. 
Gas liquid Chromatography 
The quantitative examination of methyl esters were carried 
out by using a Perkin-Elmer model F-11 instrument equipped 
with a flame ionization detector, using stainless steel packed 
column (2 m X 3 mm) coated with Vb'A diethylene glycol succi-
nate (DEGS) on chromosorb W, 45-60 mesh. The column tempera-
ture was programmed from 150-210 C (3 C/min), chart speed 
0.76 m/hr with nitrogen flow of 70 ml/min. Linseed, ground 
nut and Vernonia anthelmintica oil methyl esters were used as 
standards. For identification of fatty acid methyl esters 
(FAME), pure samples of FAME (Sigma Company, USA) were used. 
The seed samples reported in this thesis were collected 
by staff batanists from wild herbaceous plants or by purchase 
from commercial seed suppliers. 
Extraction of Seed Oil and Preparation of Methyl Esters 
The oils were extracted from finely ground seeds repeatedly 
: 18 : 
with petroleum ether (bp 40-60 C) in a Soxhlet apparatus. 
Seed oils were refluxed with ethanolic potassium hydroxide. 
The unsaponifiable material was removed by diethyl ether ex-
traction and the free fatty acids were obtained by acidifica-
tion with dil. H2SO4 or aqueous layer followed by extraction 
with diethyl ether. 
Methyl esters were prepared by refluxing the mixed fatty 
acids (MFA) for 1 hr in excess of methanol containing cataly-
tic amount of sulphuric acid. In each case, the resulting 
mixture was diluted to the cloud point with water, chilled in 
ice bath, and then extracted repeatedly with diethyl ether. 
Combined extracts were washed with 5j< aqueous sodium bicarbo-
nate, water and dried (Na2S04) and evaporated JJQ vacuo. 
The methyl esters by transesterification were prepared by 
dissolving triglycerides (1 g) containing epoxy group in 50 ml 
of absolute methanol that contained sodium methoxide (0.5N). 
The reaction mixture was refluxed for 20 min and kept at room 
temperature for 4 hr. After acidification with acetic acid 
the methyl esters were extracted with diethyl ether as usual 
and quantitatively examined by TLC prior to GLC analysis, 
using ester from Vernonia anthelmintica oil as reference 
standard. 
: 19 : 
Epoxy Acid from H. pinnata Seed Oil 
Picric Acid TLC*^ ^ 
Picric acid TLC was carried out using silica gel G plate. 
The developing solvent was petroleum ether-diethyl ether-acetic 
acid (75:25:1, v/v). The developed plate was sprayed thorough-
ly with 0.5M picric acid in 95>i ethanol and immediately placed 
in a jar saturated with the vapour of diethyl ether-ethanol-
acetic acid (80:20:1, v/v). After 30 min the plate was ex-
posed to ammonia fumes for 1-2 min. The orange spot on a 
yellow background indicated the presence of epoxy group. 
97 
Hydrogen Bromide Titration 
The titration of weighed amount of oil with O.IN hydrogen 
bromide using crystal violet as indicator at 3 C to bluish green 
end point that persisted for 30 sec , furnished the selective 
quantitation of the epoxy fatty acids in the sample. Cyclo-
propenes and/or a-hydroxydienes react with HBr at higher tem-
perature 55 C. The percentage of epoxy content was calculated 
by the equation. 
29.45 X N x V 
'A epoxy = 
weight of the sample 
where N = Normality, V = Volume of HBr consumed in titration. 
: 20 : 
Isolation and Characterization of Epoxy Acid 
The methyl esters of H. pinnata and V. anthelmintica seed 
oils were prepared by transesterification with sodium methoxide 
(0.5^, 10 ml/g of oil). 
The total methyl ester (4.0 g) of H. pinnata was separated 
into non-oxygenated (3.0 g) and oxygenated (0.76 g) fractions 
by preparative TLC, using silica gel G. 
Acetolysis 
Oxygenated fraction (0.40 g) was refluxed with glacial 
acetic acid (1.5 ml) for 5 hr. The mixture was then saponified, 
acidified and diluted with water and extracted repeatedly with 
diethyl ether. After removal of solvent and crystallization 
from acetone and petroleum ether (3:1, v/v) the solid product, 
unsaturated dihydroxy acids mp 54-55 C, was obtained. 
The unsaturated dihydroxy derivative of vernoleic acid was 
obtained by the direct acetolysis of V. anthelmintica seed oil 
as described above. 
IR (Neat) : 3450(0H), 3010(cis C=€) and 1715 cm""^  (COOH). 
NMR(CDCl3) : d 3.59 m(2H, 2xCH-0H), 5.42 m(2H, -CH=CH-) and 
7.6 br s(2H, 2xCH-0H, disappeared on D2O shake). 
: 21 : 
Hydroqenation of Diol 
A 0.2 g portion of unsaturated diol (II) was hydrogenated 
in the presence of 10^ Pd-C. The usual work-up yielded 12,13-
dihydroxyoctadecanoic acid (III) and crystallized from cyclo-
hexane-ethyl acetate mixture. 
Permanqanate-Periodate Oxidation of Unsaturated and Saturated 
Diols 
A 0.1 g portion of II and 0.125 g of potassium carbonate 
was dissolved in t-butyl alcohol (30 ml). To this mixture a 
solution of sodium metaperiodate (0.515 g) and potassium per-
manganate (1.0 ml of 0.057NJ in 40 ml of water was added. 
The reaction mixture was stirred at ambient temperature for 
24 hr and then reduced with sodium metabisulphite, acidified 
with HCl and extracted with diethyl ether. Combined ether 
extracts after drying and evaporation yielded a mixture of 
products. The products after methylation with ethereal 
diazomethane were analyzed by GLC, using appropriate standard 
samples. 
THEORETICAL 
Chapter - 2 
Cyanolipids 
It has long been recognized that certain seed oils liberate 
hydrocyanic acid (HCN) on hydrolysis as apricots, almonds and 
others. The process is known as cyanogenesis. Earlier this 
was considered to be associated exclusively with the presence 
98 
of cyanogenic glycosides in plant tissues. Paris commented 
that inspite of the fact that many plants releasing HCN did 
not have cyanogenic glycosides. It was later discovered that 
certain cyanolipids which, do, indeed release HCN. 
Cyanolipids were probably first reported in Schleichera 
99 trijuqa seed oil. Although the nature of the nitrile moiety 
was not established at that time, structures of cyanolipids 
were first reported from Cordia yerbenacea ^Q^-^Q^ (Boragina-
ceae) followed by other plants of family Sapindaceae ~ ^^. 
Earlier, Hasan also isolated the cyanolipids in family 
Hippocastanaceae. 
Mikolajczak described the detection, isolation and 
structure elucidation of four types of cyanolipids having 
different but closely related structures. Cyanolipids may 
: 23 : 
present individually or in pairs in seed oils. These are 
cyanogenetic nonglycerol esters and are derivatives of five 
carbon mono or dihydroxynitrile moiety esterified with long 
chain fatty acids. Out of these, one class of component is a 
mixture of diesters containing two fatty acid moieties esteri-
fied with l-cyano-2-hydroxymethylprop-2-ene-l-ol (I) and 
l-cyano-2-hydroxymethylprop-l-ene-3-ol (II). The other two 
cyanolipids isolated and characterized were also fatty acid 
esters, and comprises monoesters of l-cyano-2-methylprop-l-
ene-3-ol (III) and l-cyano-2-methylprop-2-ene~l-ol (IV). 
N^a' 
Q 
0-C-(CH2)28"^^3 
0-C-(CH2)i8-CH3 
0 
N^' 
0 
0-C-(CH2)i8"^"3 
(I) (III) 
0 
II 
CH3-(CH2)j^8"^~®' 
(II) 
'0-C-(CH2)i8~^"3 
% ^ 
vi—Lt 
(IV) 
•0-(^-(CH2)i8-CH3 
0 
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Cyanolipids (I,IV) were found cyanogenic while cyanolipids 
(II,III) are non-cyanogenic. 
Mikolajczak observed that the presence of high amount 
of Cr,/-. acid is a curious feature of cyanolipids containing seed 
oils and the incorporation of these acids into cyanolipids 
rather than into the accompanying triglycerides. Seed oil of 
Litchi chinensis, reported to contain insignificant amount 
of Con acids also contains no cyanolipids. Recent work in the 
n 9—115a 
author's laboratory J-J-^ ° on cyanolipid content of some 
Sapindaceae and Boraginaceae species revealed that presence of 
C^^ acid is not a pre-requisite for the occurrence of cyanolipids 
in seed oils. Two species of Heliotropium (Boraginaceae) 
containing high percentage of cyanolipid do not contain any 
C2Q acids. 
Only a meager amount of research has so far been reported 
concerning how these strange cyanolipids are produced in plants. 
103 Mikolajczak ^  ^ was the first to demonstrate that the 
structure of the hydroxynitrile portions of cyanolipids I-IV, 
showed that they are biogenetically derived from Leucine. 
Seigler e^ _al have demonstrated that the aglycone moieties 
of cyanolipids I, II and III are derived from leucine"''"''^ . 
Cyanolipid IV, which appears to be a direct precursor of 
cyanolipid I may give rise to cyanolipids II and III by an 
allylic rearrangement"'-''-^ . Furthermore, the a-hydroxynitrile 
glycone of cyanolipid IV is identical to the proacacipetalin. 
: 25 : 
which has been demonstrated to be derived from leucine in the 
118 
seed oil of Koelreuteria paniculata . This hypothesis has 
llQa been tested by Seigler et al , in which Acacia sieberiana, 
although not a member of Sapindaceae, contains the same hydro-
xynitrile moiety as cyanolipid IV. Another cyanogenic glyco-
119a 
side from Cardiespermum arandifloram contains similar 
aglycone portion that of cyanolipid I. Another theory of the 
significance of these materials is that they have no function 
in the biochemistry of the plant, but serve as plant insecti-
cides and thus protect the plant. 
Characterization of Nitrogen Containing Lipid Fraction (NCLF) 
Nuclear magnetic resonance has proved to be the most 
definitive tool available for the characterization of cyano-
lipids 101'104-106^ 
The NMR spectrum of cyanolipid I showed two overlapping 
triplets giving the observed four line pattern centered at 
d 2.34 for methylene group protons a to the acyl carbonyl 
group (Ha,Hb). The -CHg-O protons (He and Hd) give a singlet 
at d 4.63 if analyzed in CDCl^, in C^D^, the signal due to 
these same protons is two doublets, J=13 Hz. Dihydroxy 
nitrile proton of NCLF I exhibited three broadened singlets 
at d 'S.SO, 5.66 (H^ and H^) and at d 5.94 (He). Terminal 
methylene protons such as H^ and Hg frequently are nonequi-
valent and have different chemical shifts. Another unusuality 
: 27 : 
Earlier a note recommending NMR analysis of unfractionated 
seed oils both as a quantitative and qualitative measure of 
107 
cyanolipids was reported . This procedure is, indeed, an 
effective means of determining the occurrence and amount of 
cyanolipids in oils. Following this procedure, NMR analysis 
of relatively small quantities of unfractionated seed oil, has 
been successfully utilized to detect and identify cyanolipids 
X. ^  - J 108 in many species of Sapmdaceae 
4.78 
He He 
9 \ ^ ,Hd 5.24 
0>^n^r/ 
R 
"^  ^*^ "^^ >C==C 
^^ H a _ c _ H a CsN 
I 
Ha 1.91 
NCLF III 
1.86 
Ha Ha 
\ ^ H c C=N P 
R 
b 
2.39 
Hd He 
5.32 5.17 
NCLF IV 
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IR analysis of cyanolipid containing seed oil is not a 
particularly suitable detection method, but it can give valua-
ble data when used in conjunction with other methods. Cyano-
lipids I and IV (cyanohydrin derivatives) produce no truely 
characteristic IR bands. The ester bands -C=0 (1740 cm" ) of 
I is slightly broadened. Weak broad bands in the 920-965 cm" 
and 1010 cm" regions, probably reflect the =CH2 grouping 
present in these cyanolipids, No -CsN absorption band is 
observed in the spectra of I and IV, because it is completely 
quenched by the proximity of the oxygen moiety . However, 
this 2230 cm" band is prominent in spectra of II and III 
because, in these structures, the band intensity is increased 
due to conjugation of the carbon-nitrogen triple bond with the 
double bond and due to absence of an a-oxygen atom. 
Mass spectral analysis is helpful in the structure eluci-
dation of all cyanolipids because these lipids give molecular 
ions. NCLF I and II, show molecular ions for all possible 
combinations of any two acyl groups present in the cyanolipid 
esterified with the dihydroxy nitrile moiety. In NCLF 
I- ' ' most prominent molecular ions appeared at m/z 
671. This molecular weight corresponded to that of the 
diester containing a saturated (C20) acid and unsaturated 
(Cj^ g) acid. Fragmentation pattern was reported for NCLF I 
from Schleichera trijuqa seed oil. 
: 29 
The mass spectral analysis of NCLF II indicates that 
most abundant molecular ion probably would be derived from 
the diester incorporating a C^Q monounsaturated acid and a 
C-|g unsaturated acid (m/z = 669). NCLF III and IV from 
106 
Stocksia oil produced a preponderance of the molecular ion 
at m/z 389 from a C2Q monoenoic ester of the hydroxynitrile 
function. 
103 Cyanolipids II and III from Koelreuteria showed UV 
absorption in cyclohexane at 208 nm. Cyanolipids I and IV 
showed no UV absorbing chromophore and thus could not be 
detected by this method. 
DISCUSSIOM 
Cyanolipids from Cupania anacardioides Seed Oil 
In continuation of our work on cyanolipid containing seed 
oils " , we have investigated the seed oil from an addi-
115a tional sapindaceous plant, Cupania anacardioides to isolate 
and characterize its cyanolipid fractions. Earlier Seigler 
108 
and Kawahara reported four other Cupania species which do 
not contain any cyanolipids. This necessitiated an investiga-
tion of this seed oil to search for the cyanolipid constituents. 
Chemical and spectral methods revealed that C. anacar-
dioides seed oil contains cyanolipid as well as C2Q monoenoic 
acid. The C20 monoene was found to be esterified with a known 
cyanodiol i.e. l-cyano-2-hydroxymethylprop-2-ene-l-ol (I) and 
l-cyano-2-methylprop-l-ene-3-ol (III). Oil was recovered (24ji) 
from finely ground seeds. Treatment with dilute base at 
35-50 C for 3 min produced HCN as shown by positive 
120,121 
Prussian blue and sodium picrate tests '^•'•, IR spectrum of 
this oil revealed a nitrile absorption band (2240 cm" ) of 
moderate intensity in addition to the bands normally found in 
spectra of triglycerides. The seed oil was fractionated by 
: 31 : 
preparative TLC into three components, triglycerides, NCLF I 
{41,3'/.) and NCLF III (11.7/.). 
The structure determination of cyanolipids isolated from 
C. anacardioides was done by comparing TLC, co-TLC, IR and 
NMR spectral characteristics with those reported for the 
100-101 
corresponding cyanolipids I and III from Cordia verbenacea 
118 
and Koelreuteria paniculata seed oils respectively. 
Characterization of NCLF I 
NCLF I displayed IR bands of medium intensity at 940 and 
1010 cm" . There was no -C=N absorption band at <-^ 2250 cm~ 
which is attributed to the quenching effect of the oxygen 
function present on the same carbon atom to which the cyano 
group is attached. The NMR spectrum played an important role 
in establishing the structure of cyanolipid I. NMR of NCLF I 
showed a multiplet at d 2,35 which was assigned to methylene 
protons a to the acyl carbonyl groups. The -01^ 2-0 protons 
gave an apparent singlet at d 4.7. 
The remaining dihydroxynitrile protons of NCLF I produced 
three apparent singlets at d 5.51 (IH), 5.64 (IH) and 5.96 (IH) 
Terminal methylene protons are nonequivalent and show weak 
coupling. Therefore, the broadened singlets at d 5.64 and 
5.51 are assigned to these protons. Thus a comparison of TLC, 
IR and NMR characteristics of the pure NCLF I with those of 
known cyanodiol established the structure of the cyanolipid 
; 32 : 
as a diester of l-cyano-2-hydroxymethylprop-2-ene-l-ol, 
H H 
\ / 
C 
II 
R - C H ^ - C - 0 - C - C - C - O - C - C H o - R 
^ 1  / \ / \ I  2 
0 H H H C=N 0 
[Diester of l-cyano-2-hydroxymethylprop-2-ene-l-ol (NCLF I)] 
Characterization of NCLF III 
NCLF III is not based on a cyanohydrin grouping. It did 
not give a positive test for cyanide. The IR spectrum of 
NCLF III showed a prominent structure revealing band at 
2235 cm" . The band intensity is enhanced a great deal due 
to conjugation of the carbon nitrogen triple bond with the 
olefinic bond and to the absence of an a-oxygen atom. The 
NMR spectrum of NCLF III showed a singlet for vinylic methyl 
group protons at d 1.94. A shoulder appearing on this signal 
is due to splitting caused by allylic coupling (J=l-1.4 Hz) 
with the vinyl protons. Methylene protons a to the oxygen 
atom are observed as a singlet at d 4.9. The cyanohydrin 
proton signal was partially obscured by the acyl group vinyl 
proton signal at d 5.4. H 
p H - C - H/H 
R - CHo - C - 0 - CHo - C = C 
C=N 
[Monoester of l -cyano-2-methylprop-l-ene-3-ol (NCLF I I I ) ] 
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These data suggested that the cyanogenetic constituent 
was found to be a monoester of l-cyano-2-methylprop-l-ene-3-ol. 
The fatty acid composition of the C. anacardioides seed 
oil was determined by GLC analysis of the methyl ester on 
polyester (DEGS) column. GLC analysis of the methyl esters 
of the total oil gave 63.8;/i monoenoic acids, based on the 
total fatty acids present in oil. A high yield (46.0j<) of 
CpQ monoene is an interesting feature of cyanolipid containing 
sapindaceous seed oils. Argentation TLC of the methyl ester 
prepared from cyanolipid I showed a high percentage of C2Q 
monoene. Such observation was not made in the case of cyano-
lipid III. The uncorrected weight percentages of the component 
fatty acids of methyl esters derived from C. anacardioides are 
given in Table 2. 
From the above results it is concluded that C. anacardio-
ides seed oil contains two cyanolipids as a major constituent 
in which C^Q monoenoic acid is incorporated along with the 
usual fatty acids. 
Table - 2 
Fatty acid composition (wt.?^ ) of the methyl esters 
of C. anacardioides seed oil 
Fatty acids (ur^Zh^ (Uncorrected) 
16:0 11.7 
16:1 8.2 
18:0 6.2 
18:1 9.6 
18:2 15.6 
20:0 2.0 
20:1 46.0 
Cyanolipid I 41.3 
Cyanolipid III 11.7 
EXPERIMENTAL 
General Method 
The seed sample for the present study was obtained by staff 
botanists or purchased from commercial seed suppliers. Cleaned 
and dried sample of the seeds was usually ground in a dis-
integrator. The powdered seeds were extracted repeatedly with 
light petroleum ether (40-60 C) in a Soxhlet apparatus. The 
extracted oil was dried over anhydrous sodium sulphate. The 
solvent was removed iji vacuo. The oil was neutralized by 
passing it (-—'1 g) in chloroform solution, through a short 
column of alumina (10 g). The methyl ester was prepared using 
iy» sodium methoxide in dry methanol or by diazomethane gas. 
Detection of Cyanolipids 
Two tests were used to detect the presence of HON in the 
seed oil. The cyanolipid material readily liberated HON by a 
i20 121 esf . The other test involved the forma-
190 ^o^ tion of an intense blue colour in prussian blue test ' , 
thereby indicating the presence of cyanide. 
: 35 : 
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Sodium Picrate Test ' 
About 50 mg of the liquid material was placed in a test 
tube with 1 ml of dil. NaOH or H2SO4. A filter paper soaked 
in an alkaline solution of sodium picrate was dried and sus-
pended over the mixture in the stoppered test tube. The 
mixture was warmed at 35-50 C for nearly half an hour. A 
positive test involved a colour change from yellow to brick red 
of the filter paper. 
Prussian Blue Test"*-^ '^•'•^ •'• 
The material was placed in 50 ml conical flask with 2 ml 
of methanol and either 1 ml of 10/. NaOH or 1 ml 6N H2SO4. When 
NaCH was used, the mixture was heated for a few minutes on the 
water bath and then acidified with H2S0^. The solution was 
treated with few drops of 5>< FeSO^ solution and then with lO/. 
HCl. Appearance of prussian blue colour indicated a positive 
test for cyanide. 
Chromatographic Method 
Analytical TLC for the detection of cyanolipids was carried 
out using plates coated with silica gel G. Benzene or ether-
hexane (1:3) and chromic acid were used as solvent system and 
spraying reagent respectively. For preparative thin layer 
chromatography (TLC) plates of layer 20x20 cm and 1 ram thick 
were used. The spots were detected by spraying with an 
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alcoholic solution of 2',7'-dichlorofluorescein and viewing 
them under UV light. Nitrogen-containing lipid fraction 
(NCLF I) had an R^ of 0.8 in the diethyl ether-hexane system 
and 0.7 in benzene, and the corresponding values for NCLF III 
were 0.7 and 0.5. The separated bands were scraped, extracted 
from silica gel by standard procedure and the purity of the 
components was examined by analytical TLC. 
Gas Liquid Chromatography 
15^ DEGS column was employed for the separation and iden-
tification of component acids during the present investigation. 
Other parameters have been described in earlier chapter. 
Identification of the component acids was made by comparing 
their retention time with that of a reference standard. All 
GLC data reported are given as area percentage. 
Spectroscopic Methods 
NMR spectra were run in CCl^ on a Varian A 60 spectrophoto-
meter with TMS as internal standard. Chemical shifts are ex-
pressed in ppm (d). IR spectra were obtained with Pye Unicam 
SP 3-100 spectrophotometer. 
Cyanolipid I 
IR (Neat) : 1740 broad (C=0), 1010, 940 cm"""^  (=CHo). 
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NMR (CDCI3) : d 5.96 s(lH), 5.64 s(lH), 5,51 s(lH) for dihydro-
xynitrile protons, 5.64 and 5.51 br s(terminal methylene pro-
tons), 4.7 s(CH2-0 protons) and 2.35 m(methylene protons). 
Cyanolipid III 
IR (Neat) : 1740 broad (C=0), 2235 cm""'-. NMR (CDCI3) : 
d 5.4 s(cyanohydrin proton signal), 4.9 s(methylene protons a 
to the oxygen atom) and 1.94 s(vinylic methyl protons). 
THEORETICAL 
Chapter - 3 
Unsaponifiables of Natural Oils and Fats 
The unsaponifiable matter refers to materials present in oils 
and fats which after saponification of the oils or fats by 
alkali is extractable by solvent and remains non-volatile on 
drying. These unsaponifiable matters in most vegetable oiJs 
constitute generally less than lyi. The unsaponifiable can be 
divided into at least four groups of compounds: less polar 
compounds, triterpene alcohols, 4-methyl sterols and finally 
more polar sterols. The sterols are the characteristic minor 
components of all natural oils and fats comprising in most 
cases the greater part of the unsaponifiable matter. 
Hydrocarbons 
Hydrocarbons constitute the less polar fraction of un-
saponifiable. Hydrocarbons are universally distributed in the 
waxy coating on leaves and other plants organs. The alkane 
fraction found in hydrocarbon mixture has the same properties. 
The distribution pattern is relatively similar from plant to 
: 39 : 
plant. Of course, there are considerable quantitative varia-
tions but generally they occur in relatively low amount. 
Alkanes are usually present from Cy to C^2 chain lengths, but 
the alkanes from C25_35 predominate, of which C2'7»C29»C^ j^  or 
Cqo alkanes form the major constituents. Odd numbered members 
of the series C2c»C27 etc. predominate over the even numbered 
members of the series to the extent of 10:1. 
Branching may also commonly occurs near the end of the 
carbon chain. Two types may be mentioned, isoalkanes and antei-
soalkanes. Branched alkanes are by no means universally present 
122 
and rarely occur in any quantity. Recently Dutta _et ^ 
identified the branched chain hydrocarbon of the iso-series 
(Cpo) in a Gastropod mollusc Cerethidea einqulata. 
Biosynthetically, these hydrocarbons are formed by chain 
elongation and decarboxylation of fatty acids. Thus, they are 
related to the fatty acids. 
In the past few years, the number of hydrocarbons known 
has increased significantly. This has been largely due to the 
application of gas liquid chromatography (GLC). Eglinton 
123 
et al applied this technique for the first time to a survey 
of alkanes in the Crassulaceae. Douglas and Eglinton et al ^ have 
published a general reviews of plant alkanes. 
Gas chromatography-mass spectrometry (GC-MS) provide 
satisfactory solution for the analysis of plant alkanes. 
Confirmation and identification of mass spectral studies is that 
: 40 : 
they may well reveal trace amounts of isomers, which otherwise 
appear to be pure GLC fractions. 
Triterpene Alcohols 
Terpenoids are compounds having cyclic structures based on 
six isoprene units and which are derived biosynthetically from 
the acyclic C^Q hydrocarbon squalene. 
Amongst the terpenoid, the triterpenoids form a very large 
group of naturally occurring compounds. Many triterpenes are 
known in plants and new ones are regularly being discovered and 
characterized. These and related compounds occur especially in 
the waxy coating of leaves and fruits. They are generally 
lipid soluble and probably serve a protective function in re-
pelling insects and microbial attacks. The wide occurrence in 
nature and structural diversity of triterpenoids have evoked 
considerable interest in their biological activity. 
The triterpene fraction of unsaponifiables usually con-
tains 4,4'-dimethylsterols, which makes them more compli-
125-131 
cated . Cycloartenol and 24-methylenecycloartanol are 
generally common triterpene alcohols in all oils, and the 
occurrence of cyclobranol (24-methylcycloartanol), cycloartenol 
and a- and p-amyrins was demonstrated in most of the oils''-^ '^ . 
132 Earlier cycloartanol was reported in rapeseed oil and several 
other vegetable oils^^^*^^^"^^"*. Lupeol in shea fat^^^ and 
rapeseed oil, parkeol"""^ ^ and butyrospermol"'"^ '^ "-'-^ ^ in shea fat, 
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, .,133,134 ,. .,134,135 . , ., 
rapeseed oil * , olive oil ' and several other vege-
132 134 139 
table oils * , cyclobranol in rice bran oil , citrasta-
140 141 dienol in grape fruit peel oil * and several plant 
142 tissues were encountered. 
142-146 Triterpenoids have been found to possess cytotoxic , 
cytostatic , antimicrobial " , herbicidal " and 
154-156 
antiinflammatory activities. 
A triterpene alcohol found in shea butter was earlier re-
157 ported to be germanicol and later GLC data indicated that it 
might be IB-taraxasterol or taraxasterol rather than germanicol. 
Triterpene alcohol constitutes the unsaponifiable from Thea 
sinensis (Theaceae), Camellia .japonica (Theaceae) , Phytolacca 
americana (Phytolacaceae) and Butyrospermum parkii (Sapotaceae) 
158 
were studied . The tirucalla-7,24-dienol and butyrospermol 
are the predominent components of the Theaceae and Pokeweed 
seed oils. Shea butter, on the other hand contains a-amyrin 
followed by butyrospermol and lupeol as the major triterpene 
constituents. 
Sterols 
Most data on the composition of sterol mixtures in fats 
and oils that are found in the literature are based on rather 
old analyses. Improvement in methods resulted in much more 
detailed information. Consequently most of the older data 
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should be corrected. The use of sterols as raw materials for 
the synthesis of drugs having hormonal activity is well known. 
Chemical industries have become interested in sterols as raw 
materials. Despite the progress, much research has yet to be 
done in order to elucidate medical, nutritional and technological 
problems concerning sterols in oils and fats. The sterols are 
triterpenes in nature which are based on cyclopentane perhydro-
phenanthrene ring system. 
Earlier it was considered that sterols were probably pre-
sent only in animal substances, but in recent years an increas-
ing number of such compounds have been detected in the plant 
tissues as free sterols and their esters. 
In most oils and fats the major component of the unsapani-
fiable fraction is that of the sterols. Plant oils and fats 
contain usually at least three phytosterols, sometimes more, 
whereas animal fats contain cholesterol. It is known that 
cholesterol occurs in the sterol fraction of many vegetable 
oils, generally in extremely minor proportions or in a few per-
cent at the most, although the seed fractions from several 
species of Cruciferae plants were reported to contain excep-
tionally high proportions, 15/. at their highest in the case of 
Cheiranthus chiri L., of Cholesterol-'-^ '^-^ ^^ . The sterol 
fraction from the seed oil of Capsicum, a Solanaceae plant 
revealed that it contained as much as 9-/. of cholesterol^ '^'". 
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There are atleast eight major sterols in Mollusks and 
cholesterol predominates in Shrimp and Crab of the Pacific 
Northwest. Depending on the analytical method used, signifi-
cantly different values for total sterols in mollusks were 
obtained 
The 24-methylene cholesterol was isolated first from 
oysters and clams by Idler and Fagerlund and has become known 
164 
as a sterol widely distributed in marine organisms . More-
over, this sterol has been reported to occur in some tissues of 
higher plants^^' * . The seed oil of Akameqashiwa showed 
the presence of this sterol and also in capsicum and mustard 
seed oils, suggesting that this sterol is considerably wide-
spread in vegetable oils. 
Two of the most commonly occurring phytosterols are 
P-sitosterol and stigmasterol. The type of sterols varies with 
the source of the oil . The kernel fat constituents of 15 
different mango varieties were analyzed. The main sterols were 
P-sitosterol (47-76/.), stigmasterol (12-23/) and compesterol 
(7-12/). Compesterol, stigmasterol and P-sitosterol are present 
almost in all oils and a minor amount of cholesterol in majori-
7 
ty of the oils. Other sterols, presumably A -stigmasterol and 
5 7 
^ - and ^-avenasterol were detected in most of the 
„.,^168-170 oils . 
171 Akihisa _et _al investigated a number of seeds of the 
family Cucurbitaceae by gas liquid chromatography on an OV-17 
: 44 : 
7 
glass capillary column. The A -sterols were found to be the 
major sterols of most of the Cucurbitaceae investigated 
1 ft 
The predominance of ^-sterols, the presence of A-sterols 
25 
and A -sterols together with the occurrence of significant 
amount of 24 p-alkylsterols constituted the characteristic 
172 features of the plants of the family Cucurbitaceae 
Fucosterol is commonly found in marine brown algae whilst 
the Z isomer (^ -avenosterol) has been reported in several 
173 174 
green algae . Fucosterol has also been detected in fungi 
Other sterols differing in the position and number of double 
bonds are also reported in different plant materials 
Phytosterols are structurally distinct from animal sterols, 
so that recent discoveries of certain animal sterols in plant 
tissues are most intriguing. One of the most remarkable is of 
the animal estrogen and estrone. In animals, estrogens are 
177 
synthesized by successive degradation of cholesterol 
Cleavage of the side chain first produces pregnenolone. Both 
steroids have been previously found in plants -J-O'-'^  With 
-a-ferin A, a structurally related compound which was isolated 
from Withania somnifera and other plants of Solanaceae family 
is a representative of another large group of steroids, called 
181 the Withanolides . It is a potent antimitotic agent, which 
inhibits the growth of plants and animal cells, including 
tumor cells. 
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Biosynthetically, steroids are formed from isopentenyl 
pyrophosphate, involving the same sequence of reactions as in 
terpenoid biosynthesis. Squalene is next converted to 23-oxido-
189 
squalene, this is cyclized to cycloartenol . The widely 
publicized view that cholesterol is synthesized via cycloartenol 
in plants and via lanosterol in animals, partly stems from the 
fact that lanosterol has not been so often isolated from plants 
as cycloartenol. Occasionally, both cycloartenol and lanosterol 
1 go 
are found in the same plant 
Since 4-methyl sterols are generally quite minor consti-
tuents of the unsaponifiable fractions so that their separation 
from other unsaponifiable constituents is not easy, only a few 
papers * have dealt with the 4-methyl sterols in common 
vegetable oils. 
Sporadic reports of a number of papers dealing with the 
unsaponifiables have been appeared. Advances in the methodology 
for sterol analysis have been noteworthy, particularly in the 
recent past. The valuable methods in the unsaponifiable 
analysis are thin layer chromatography (TLC), gas liquid 
chromatography (GLC), HPLC, GLC-MS, nuclear magnetic resonance 
1 13 
( H and C NMR) and chemical methods. 
Reversed-phase thin layer chromatography of the sterol 
acetates has successfully been exploited in the isolation of 
pure fractions from a complex mixture. By means of reversed 
phase TLC several hitherto unknown sterols have been detected 
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in sterol mixtures. Non-aqueous reversed phase chromatography 
has been found to be suitable for the analysis of non-polar 
185 triterpenoid mixtures at the microgram level . In the 
structural analysis of complex sterol mixtures, reversed 
phase thin layer chromatography may thus give circumstantial 
evidence concerning the structure of unknown sterol components 
all belonging to the critical pair e.g. the acetates of choles-
terol from animal fats and of brassicasterol from rapeseed oil. 
Therefore have nearly same R^ value and thus belong to the 
critical pair. Analogous separations of the other positional 
189 isomers have since been reported by Cargill who has employed 
systems like undecane-methanol or methanol-diethyl ether (49:1). 
190 Beerthuis and Recourt showed that gas chromatography 
is an extremely powerful tool for separating and identifying 
191 
unsaponifiables especially sterols. Clayton observed that 
not only could good separation be accomplished, but that the 
influence of substituents or other modifications of the sterol 
structure on retention time, could be described in a simple 
mathematical form. Relative retention times (RRt) were also 
1 go 
obtained on different columns, SE-30 '^  , QF-1, Hj^ -Eff 8BP, PMPE, 
193 OV-17 and DB-17. Sterols behave in a very predictable way 
in gas chromatography, so that the retention time of most 
sterols can be calculated from their structures. Gas chromato-
graphy can be very useful in the identification of unknown 
sterols because of this predictability. Although much GLC work 
: 47 t 
has been accomplished using only one column, it is apparent 
that more than one column is necessary to even tentatively 
192 identify a sterol by gas chromatography . Gas chromatography 
coupled with Mass spectrometry (GC-MS) offers many advantages 
for the analysis and structure determination of small quan-
tities of complex reaction products or naturally occurring 
mixtures of compounds. This technique is successfully being 
used for the determination of triterpenes of the licorice root 
193 194 
extract and the extract of Trametes lilacinogilva . It 
is very useful method for the analysis of sterol mixtures. 
For such analysis the sterol mixtures must be converted to the 
derivatives which may be readily gas chromatographed and under-
go cleavages in the mass spectrometer. Recently the composition 
of the sterol fraction were determined by using this technique. 
195-202 Further confirmation of different groups present m 
the sterol or triterpene alcohols can be done by high resolu-
1 13 
tion nuclear magnetic resonance ( H NMR) and C IMi and it is 
being used for the structure determination of unknown fraction 
present in sterols and triterpenes. 
A number of detection reagents are used for the identifica-
tion of terpenoids. Of these the most popular is probably the 
Carr-Price reagent. The Liebermann-Burchard reaction (acetic 
anhydride-cone.-HgSO^) has also been used as detecting reagent 
which produces a blue-green colour with most triterpenes and 
sterols. 
DISCUSSION 
Analysis of Unsaponifiables of Four Seed Oils 
The present work reports a detailed compositional study of the 
unsaponifiables of four seed oils belonging to three botanical 
families, based on the chromatographic techniques. 
Mimusops elengi, Linn (Sapotaceae) popularly known as 
•Mulsari' is commonly found largely cultivated in the Deccan 
and forests of South India. This is an ornamental tree. In 
indigenous system of medicine various parts of the plant are 
reported to be of medicinal importance, powder of flower is 
sniffed to relieve headache, seed bruised into a paste and mixed 
with oil are made to form suppositories in cases of obsinate 
203 
constipation . Pulp of the fruit is eaten as diet in con-
203 
valescence after diarrhoea , and is used in snake-bite. Ripe 
fruit also promotes delivery. Fruits and flowers together with 
other astringents are used to prepare a lotion for wounds and 
ulcers. 
The seed oil of M. elenqi yielded 6y. of unsaponifiable 
matter and was positive to Liebermann-Burchard and Carr-Price 
: 49 : 
tests. The preparative thin layer chromatography of the 
unsaponifiable lipids led to the isolation of three (Hydro-
carbon 15/., triterpene alcohol 25/. and sterol 60/) fractions 
and each fraction was analyzed by GLC. The GLC of the hydro-
carbon fraction showed a mixture of C..z^ _ot n-alkanes (Table - 3). 
The odd carbon alkanes (50.4;^ ) pre-dominating over even carbon 
alkanes (46.6><) as usual. 
The major alkanes were heptadecane (C,y, 7.3/) and octa-
decane (C,g, 7.1/) and the general pattern of nonacosane (C2g) 
or hentriacontane (CQI) alkanes predominating in higher plants 
was not observed. Moreover, the ratio of odd to even numbered 
204 
alkanes (3:2) is much less than that found in higher plants 
Triterpene alcohol fraction was identified by Carr-Price 
reagent ' which produces a blue-green colour with most 
triterpenes. This fraction was converted to acetate derivatives 
and analyzed by GLC. GLC showed peaks corresponding to 24-
methylenecycloartanol, lupeol, butyrospermol, P-amyrin, a-amyrin, 
taraxasterol and W-taraxasterol. The oil of several Sapotaceae 
family are reported to contain taraxasterol and l|J-taraxasterol 
in varying amount (Table - 4), 
The five peaks with RRt, 1.15, 1.2, 1.52, 1.65,2.15 and2.52 
remained unidentified although, they are present in large amount. 
The sterol fraction responded to Liebermann-Burchard 
207 2Oft 
reaction and to Salkowski test '^»'^ °^ and constitutes 60/ of the 
total unsaponifiable matter. GLC analysis of this fraction as 
Systematic Names and Codes of 4 Plants Investigated 
Code Systematic Name Family 
ME 
MH 
NN 
VR 
Mimusops elengi 
Mimusops hexandra 
Nymph^iB nelumbo 
Vinca r o s e a 
Sapotaceae 
Sapotaceae 
Nymphaeaceae 
Apocynaceae 
Table - 3 
Composition of Hydrocarbon F r a c t i o n s of 4 P l a n t s 
, 
MU^ 
16 
17 
18 
19 
20 
21 
21.9 
22 
22.1 
22.8 
23 
24 
25 
26 
26.7 
27 
27.6 
27.7 
28 
ME 
3.4 
7.3 
7.1 
5.9 
5.3 
4.5 
-
4.2 
-
1.5 
3.8 
4.0 
4.0 
4.4 
-
5.4 
0.5 
1.8 
5.9 
Plant; ; 
MH 
2.9 
4.8 
5.6 
5.8 
5.3 
4.9 
-
4.5 
2.2 
-
4.6 
4.6 
4.7 
5.5 
2.2 
6.2 
-
-
6.6 
/, Composition 
NN 
-
1.1 
3.4 
7.4 
7.1 
6.3 
5.4 
26.2 
-
-
6.3 
3.4 
2.8 
2.6 
-
2.0 
-
-
25.1 
VR 
-
2.2 
5.4 
4.0 
6.0 
3.0 
2.4 
4.4 
-
-
1.8 
1.4 
2.6 
1.6 
-
5.4 
-
5.2 
2.2 
Contd, 
28.1 
29 
29.1 
30 
31 
31.6 
32 
32.2 
33 
34 
34.3 
35 
Others 
0 . 8 
6 . 3 
-
4 . 8 
5 . 6 
-
3 . 7 
-
4 . 5 
1.8 
-
0 . 8 
2 . 7 
] 
6 . 7 
-
5 . 3 
5 . 0 
-
4 . 2 
-
4 . 3 
2 . 5 
1.6 
-
mm 
0.9 9.9 
25.2 
1.6 
6.4 
0.8 
1.0 
2.8 
2.8 
t r . 
1.4 
a = Determined on CN-ll g lass c a p i l l a r y column 
t r . = t race 
b = MU = methylene unit values. 
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acetate derivative revealed it to be a mixture of cholesterol, 
compesterol, stigmasterol and p-sitosterol in varying amount 
(Table - 5). Cholesterol occurs generally in extremely minor 
proportions in many vegetable oils although the sterol fractions 
159 160 from several species of plants were reported ' to contain 
exceptionally high percentage of cholesterol from 7 to 15;^ . In 
M. elenqi the percentage was found to be 7.8?(. 
Mimgsops hexandra, Roxb (Sapotaceae) is found in the Konkan 
of Bombay Presidency and North India. Oil from the seeds is 
demulcent and emollient. A decoction of the bark is astrin-
gent and used in the same diseases. Milky juice made into a 
paste with the leaves of Cassia fistula and seeds of Galophyllum 
205 inophyllum is applied to boils 
A scaning of the literature revealed no report on unsapo-
nifiable composition of M. hexandra seed oil. The unsaponifiable 
/ ~" — — — — — ^ 
content of M.. hexandra was found to be A'/., Unsaponifiable matter 
was fractionated into three (hydrocarbon, triterpene alcohol and 
sterol) fractions on preparative TLC. Assignment of the com-
pound group was based on the analytical TLC data. 
Hydrocarbon fraction (3Q/.) was subjected directly to GLC 
analysis with a programmed column temperature. GLC analysis 
confirms the earlier report as odd carbon indicated the higher 
concentration (53j<) over the even carbon alkanes {Aly.) 
(Table - 3). 
: 51 J 
Triterpene alcohol fraction (2Qj^ ) was acetylated and 
fractionated further on argentation TLC, and the fractions 
recovered was then analyzed by GLC. This fraction consists 
primarily of pentacyclic triterpene alcohols of which fJ-amyrin 
forms the major component (41.C5^), which is not unusual, 
followed by aliphatic alcohols. The one peak with RRt, 1.42 
remained unidentified (Table - 4). 
Compositions of sterol fraction (50^) were shown in 
Table - 5. Identification was performed based on GLC, and 
argentation TLC data as the acetyl derivatives. The acetylated 
fraction gave seven peaks out of which p-sitosterol (48.7'/.) 
and stigmasterol (23.6^) predominate on DB-17 column, 
Nymphaoa nelumbo, Linn (Nymphaeaceae), is an aquatic herb 
with its elegant sweetscented flowers. Seeds are used as an 
application in Leprosy and other skin infections. Seeds with 
those of Euryale ferox are used as an article diet to diminish 
veneral desires. They are said to be astringent, aphrodisiac, 
expectorant and beneficial in cough and regarded as useful in 
checking urethreal discharges, such as spermatorrhoea . Seeds 
are farinaceous and when fried is a nutritive article of food, 
and also a powerful tonic. 
N[. nelumbo seeds contain unsaponif iable content (10^). The 
unsaponifiable matter was separated into three fractions, less 
polar compound (hydrocarbon, 12/.)» triterpene alcohol 26>< and 
more polar (sterol, 62/.) fractions by preparative TLC. Our GLC 
: 52 : 
analysis indicated 67.8>^  of even _n-alkane and 32.2>< of odd 
ji-alkane in the hydrocarbon fraction (Table - 3). 
Our findings clearly differ with the previous report which 
may be due to the ecological differences. It is interesting 
that the triterpene alcohol (TTA) fraction from this oil con-
tain cyclopropane containing triterpene alcohols, such as 
24-methyleneCcycloartanol (32.3j<) and cycloartenol, which are 
common constituents of many vegetable oils. The P-amyrin 
which is supposed to be present in all vegetable oils in 
different amounts is found to be in 17,5'/. yield (Table - 4). 
In the sterol fraction, consisted of compesterol, 24-methylene-
sterol, fucosterol, isofucosterol and ^-sitosterol, among which 
p-sitosterol is the most predominent in the fraction followed 
by compesterol (Table - 5), 
Vine a rosea, Linn (Apocynaceae) , yielded 33'/. oil. The 
nonsaponifiable content was found exceptionally high, about 
14;/i. Our method for the separation and identification of 
different fractions by chromatography involved isolation of 
hydrocarbons 18j^ , separation of triterpene alcohol 22;^  and free 
sterols 6(y/ from the unsaponifiable matter. 
Table - 3 shows the composition of hydrocarbon fraction 
from the V. rosea seed oil analyzed by GLC. Since the compo-
sition of the triterpene alcohol fraction from most of the oils 
is complicated, it is difficult to determine precisely the 
peak area of individual GLC peaks. Thus the areas of some 
: 53 
peaks were roughly determined and the figures corresponding to 
these peaks were marked in the Table - 4. Particularly, the 
range of RRt 1.85 on GLC curve of the triterpene alcohol frac-
tion of this oil is complicated, and the presence of several 
components is highly probable in this range of GLC curve. 
Here, a-amyrin and cycloartenol appear together and constitute 
53.1>i of the total triterpene alcohol fraction. Three compo-
nents |B-air.yrin, lupeol and 24-methylene-24-dihydroparkeol have 
been identified. 
Sterol fraction as acetate, analyzed by GLC, showed that 
it consisted of 24-methyl-22E-dehydrocholesterol, P-sitosterol, 
compesterol and stigmasterol (Table - 5) in major amounts. 
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EXPEKINENTAL 
Extraction and Separation 
The oils were extracted from the corresponding dried ground 
seeds by Soxhlet extraction using dichloromethane. 
Isolation of Unsaponifiable Matters 
Oil (20 g) in 200 ml alcoholic potassium hydroxide (l.ON) 
was refluxed for 1 hr under nitrogen. The reaction mixture 
was diluted with 400 ml water, and the unsaponifiable (non-
acidic) material was extracted three times with 150 ml portions 
of diethyl ether. The combined diethyl ether extract was first 
washed with 200 ml aqueous solution of potassium hydroxide 
(0.5N) followed by washing with 5x150 ml portions of water and 
dried over anhydrous sodium sulphate. The diethyl ether was 
removed by evaporation and the content of unsaponifiables in 
oil was expressed by wt. percent. 
Preparative Thin Layer Chromatography 
Unsaponifiable material (30 mg/plate) was applied uniformly 
: 55 ! 
along a line 1.5 cm from the edge of 25 cm x 25 cm plate coated 
with 0.5 mm layer of silica gel G and developed three times 
using hexane-ethyl acetate (6:1) as developing solvent. After 
developing the plate was sprayed with a solution of rhodamine-
6G in ethanol (0.05-/.) and observed under ultra-violet light 
(3600 A) for marking the separated zones containing less polar 
compounds (n-alkane, R^ 0.9-1.0), triterpene alcohols (4,4'-
dimethylsterol, R^  0.4-0.5), and sterols (4-demethylsterol, 
R^ 0.04-0.2). Each zone was carefully scrapped from the plate 
and throughly extracted with diethyl ether. After evaporation 
of the diethyl ether, the dried extracts were weighed. The 
sterol fraction was purified further by repeated preparative 
TLC for subsequent GLC analysis. 
Preparative Arqentation TLC 
TLC plates (25 cm x 25 cm) coated with a 0.5 mm layer of 
silica gel contains lOj^  silver nitrate were used for the further 
fractionation of triterpene alcohol and sterol mixtures in the 
form of their acetate derivatives. Free triterpene alcohol 
and sterols were converted to acetates by mixing 10 mg of 
compound in acetic anhydride (0.5 ml) and pyridine (0.5 ml) in 
a round bottom.flask and left for 24 hr at room temperature. 
The reagents were removed in a stream of nitrogen with gentle 
warming. The residue, thus obtained was mixed with water and 
extracted with diethyl ether. The ether layer was washed with 
: 56 J 
water and dried over anhydrous Ua2S0^, The solvent was eva-
porated iji vacuo. Developing of the acetate derivatives on 
TLC plates was conducted with carbontetrachloride-dichloro-
methane (5:1, v/v) for 40 min. 
Materials for Standard 
A mixture of n-alkanes was used for reference hydrocarbons, 
triterpene alcohols and sterols used as the authentic compounds 
were listed in Table - 3,6. 
Gas Liquid Chromatography (GLC) 
GLC was performed on a Shimadzu GC-4 CM instrument using 
SCOT 0V~17 glass capillary column (30 m x 0.3 mm i.d.) with a 
flame ionization detecter or by a Hewlett Packar 5890 instru-
ment on a DURABOND-17 (DB-17) fused silica capillary column 
(30 m X 0.25 mm i.d.). The acetyl derivatives of triterpene 
alcohols and sterols were analyzed on an OV-17 column with a 
column temperature at 260 C and injection temperature at 280 C 
or on a DB-17 column with the column temperature at 280 C and 
injection temperature at 300 C Relative retention times (RRt) 
values of the acetyl derivatives were expressed relative to 
cholesteryl acetate. Hydrocarbons were analyzed onan OV-17 
column at programmed column temperature of 170-260 C (6 C/min) 
and then isothermally at 260 C, and injection temperature at 
Table 
Relative Retention Times (RRt) of Reference Compound in GLC 
Code RRt 
OV-17 DB-17 
Compound (Acetate) 
Triterpene Alcohol 
a 
b 
c 
d 
e 
f 
g 
h 
i 
J 
k 
1 
m 
S t e r o l 
n 
o 
1.30 
1.47 
1.55 
1.63 
1.69 
1.76 
1.84 
1.86 
1.92 
1.98 
2 .07 
2.38 
2 .48 
1.00 
1.14 
24-Dihydrolanosterol 
Tirucallol 
Taraxerol 
p-Amyrin 
Butyrospermol 
24-Methylene-24-dihydrolanosterol 
a-Amyrin 
Cycloartenol 
Lupeol 
24-Methylene-24-dihydroparkeol 
24-Methylenecycloartanol 
IjJ - Taraxasterol 
faraxasterol 
1.00 
1.13 
Cholesterol 
24-Methyl-22E-dehydrocholesterol 
Contd, 
Conted (Table - 6) 
p 
q 
r 
s 
t 
u 
V 
w 
X 
1.31 
1.35 
i,43 
1.63 
1.69 
1.72 
1.81 
1.92 
2 .13 
1.27 
1.31 
1.37 
1.51 
1.60 
1.64 
1.72 
1.80 
2 .00 
24-MethyIcholesterol (Compesterol) 
24--Methylene cholesterol 
24-Ethyl-22£-dBhydrocholesterol 
(Stigmasterol) 
24-Ethylcholesterol (p-sitosterol) 
24-Ethyl-22E-dehydrolanosterol 
Fucosterol 
Isofucosterol 
24-Ethy11athosterol 
Aven as terol 
c = Expressed relative to cholesterol acetate (RRt = 1.00) 
: 57 : 
280 C. Retention times of hydrocarbons were expressed as 
methylene unit (MU) values. 
Specific Colour Test for Triterpene Alcohols and Sterols 
207 208 
(a) Liebermann-Burchard's Test * 
Add 2 ml of acetic anhydride solution to 1 ml of dichloro-
methane extract of the sample in chloroform followed by 1 ml 
of concentrated sulphuric acid. A greenish colour is developed 
which turns to blue. 
(b) Salkowski Reaction^^"^'^^^ 
Add 1 ml of concentrated sulphuric acid to 2 ml of dichlo-
romethane extract of the seed samples carefully from the side 
of the test tube. A red colour is produced in the dichloro-
methane layer. 
(c) Carr-Price Reagent^^'^*^^^ 
The developed plates were sprayed thoroughly with 2Qr/. 
antimony chloride in chloroform. A range of colours are pro-
duced visible in both daylight, UV and on heating sprayed TLC 
plates for 10 min at 100 C. 
THEORETICAL 
Chapter - 4 
AcetotriacylqlYcerols 
The occurrence of acetotriacylglyceroJS in the seed oils of 
Celastraceae^^^, Polygalaceae^ '''*^  and Balsiminaceae families 
is well documented. The first ever report of acetic acid as a 
component of natural triacylglycerols was made by Kaufmann and 
Keller'^ ''''^ , who established its presence in the seed oil of 
Impatiens roylei. In many other species the monoacetotriacyl-
glycerols have been recognized as major component (13-98/). 
The seed of Polyqala virqata (Polygalaceae) contains 74j^  of 
monoacetotriacylglycerols, the first found in nature with the 
210 
acetate group in position 2 of sn-qlycerol. Earlier all 
naturally occurring monoacetotriacylglycerols characterized 
have the acetate at position-3. The seed oil of Euonymus 
verrucosus (Celastraceae) contains more than 905^  qionoaceto-
triacylglycerols. During an investigation on Impatiens edge-
worthii (Balsiminaceae) Bagby and Smith^ "'""^  identified acetic 
acid as a constituent of the oil. 
213a 
Gunde and Hilditch •" ° in 1938 speculated that the acetic 
acid in oil from Celastrus scandens is esterified with an 
: 59 : 
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unknown tetrahydric alcohols, but in 1967 it was found as 
a component of triacylglycerols. 
Natural occurrence of monoacetotriacylglycerols is res-
tricted mostly in plant seed lipids. The only known source 
of acetotriacylglycerols in animal kingdom is the lipids of 
214 the scale insect Icerya purchasi 
DISCUSSION 
Celastrus paniculatus (Celastraceae) Seed Oil 
Celastrus paniculatus (Celastraceae) is a large deciduous 
shrub of the outer Himalayas, East Bengal, Bihar and South 
India. The seeds are brown and covered by a scarlet aril. The 
oil from the berries has been used in Ayurvedic system of 
medicine for centuries. The seeds and oil are used in reheuma-
tism, gout and even leprosy. The oil is considered as a nerve 
and brain tonic, and has no side effects of depression. It is 
215 
also considered a cure for beri-beri 
213a Previous work on C. paniculatus seed oil revealed the 
presence of lower acids (formic, acetic and benzoic) in the 
form of acyl derivatives of the tetrahydroxylic compounds 
O 1 O U 
(malkanguniol ) which are soluble in the fat and therefore 
accompany it during the oil extraction. It may be, of course, 
that the specific medicinal properties'""-^  attributed to these 
fats are connected with the presence of sesquiterpene poly-
hydric alcohols. Kumaraswamy and Manjunath^ ''-'^  observed the 
presence of acetic and benzoic (but not formic) acids in addi-
tion to other fatty acids, i.e., palmitic, stearic, lignoceric. 
: 61 : 
cerotic, oleic, linoleic and linolenic acids in the seed oil 
of C. paniculatus. It was earlier reported that the seeds of 
C. paniculatus contains 52.2;^ oil in which formic (6;<;), 
219 
acetic (1.8><) and benzoic (2,0;^ ) acids constitute IQ^ of the 
seed fats and these lower acids have been shown to be esteri-
fied with sesquiterpene polyhydric alcohols. Barkenbus and 
220 Krewson reported lb,7'A of water soluble (formic, acetic and 
traces of hexoic) acids in the seed fats of the American 
species C. scandens» 
The present study on C. paniculatus was undertaken with 
the view to establish whether triacylglycerols of this oil-rich 
species are esterified with acetic acid or not. 
^» paniculatus seeds on petroleum ether extraction yielded 
b2'/. brownish yellow oil. The IR spectrum of oil showed bands 
at 1735, 1360, 1220 (acetate), 1040 cm" and other bands usually 
associated with triacylglycerols. /^pearance of bands at 3000 
and 1650 cm" showed the presence of benzene ring in the oil. 
The NMR spectrum of the oil showed two important signals, a 
singlet at d 2.0 (acetate methyl protons) and two multiplets at 
d 7.5 and 7.9 (aromatic protons) besides other signals due to 
triacylglycerols. These two NMR signals further confirmed the 
presence of acetate and benzene groupings in the oil. Simple 
TLC of the oil in petroleum ether-diethyl ether (90;10, v/v) 
showed three distinct spots at R^  0.59 (corresponded to the 
normal triacylglycerols), R^ 0.41 (may be due to acetotriacyl-
: 62 : 
glycerols) and R^ . 0.71 (due to some polar compounds). The 
oil was separated into three fractions I (R^ 0.59), II 
(R^ 0.41) and III (R^ 0.71) by preparative TLC in 30/., 60-/. and 
10^ yields respectively. 
Fraction I 
(30-/) had the same R^ value as those of normal triacyl-
glycerols. Its IR and NMR spectra also confirmed the absence 
of any unusual functionality. These spectroscopic and chro-
matographic evidences suggested fraction I as a normal tri-
acylglycerols. GLC analysis of its methyl ester showed the 
presence of C,^ and Cj^ g fatty acids (Table - 7). 
Fraction II 
This fraction constitutes 60'/ of the whole oil, and showed 
a single spot on TLC. IR spectral analysis of this fraction 
showed two characteristic bands at 1220 and 1040 cm" besides 
other usual bands. The strong infrared absorption band at 
1220 cm"" is indicative of the acetate group, not usually 
common in the spectra of normal triacylglycerols. The appearan-
ce of a band at 1040 cm" is of much interest, which is absent 
in the spectra of normal triacylglycerols and found only in a-
monoacetotriacylglycerols but not in the monoacetotriacylgly-
cerols having acetate groups esterified at ^ -position^ '^'". 
Absence of maxima in the UV indicated that no benzoic acid 
: 63 : 
accompanied in this fraction. 
The hflWR spectrum of this fraction showed signals at 6 5.2 t 
and 4.2 t(glycerol protons), 2.7 m(methylene protons a to the 
carboxyl group), 2.0 s(acetate methyl protons), 1.35 br s(chain 
methylene protons) and 0.9 t(terminal methyl protons). The 
peak ratios were those expected for a monoacetotriacylglycerols, 
i.e., for 3 acetate protons, 5 glycerol protons and 6 long chain 
terminal methyl protons. GLC of the monoacetotriacylglycerols 
showed only two peaks at retention times corresponding to 0^ 4 
and Cq/L components of coconut triacylglycerols. These components 
could then contain C2Cj^ C^j^ ^ ^^34* 43.3/.) and 020^ 50^ 3^ (^ 3^ , 
56.6>i) acids. These structures are in agreement with GLC of 
methyl esters prepared from the monoacetotriacylglycerols. Of 
the longer chain acids only C-^^ and Cj^ g acids were present 
(Table - 7) . 
The pancreatic lipolysis method was used to determine acyl 
222 223 groups at p-position * . Preparative TLC of the lipolysate 
of monoacetotriacylglycerols (Fraction II) provided the usual 
products (free fatty acid, normal diacylglyceroJs and normal 
monoacylglycerols) and in addition, two unusual products. One 
of these migrated in the same region as a monoacetotriacylgly-
cerols and was subsequently identified as such by TLC and IR. 
The other migrated between the normal mono- and diacylglycerol 
fractions. The second unusual component showed the IR absorp-
tion at 1360, 1220 and 1040 cm"""- due to the acetate group. 
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Presence of acetate in acetodiacylglyceroJs was confirmed by 
NMR which showed a strong singlet at d 2.1 integrated for 
three acetate methyl protons. 
On the basis of these results, it was confirmed that in 
the monoacetotriacylglycerols (Fraction II) the acetate group 
is esterified at a-position. If it would have been present at 
P-position then 2-monoacetoglycerolswould have been formed. 
GLC analysis of the methyl esters prepared from lipolyzed 
fractions are shown in Table - 8. As expected, all the three 
fractions, derived from the lipolysis is rich in saturated 
acids. The agreement between the proportion of the long chain 
acids of the monoacetodiacylglycerols fraction (acetic acid was 
lost in the routine ester preparation) and those of the mono-
acylglycerol fraction confirms that the analyses are indeed 
representative of the acids combined at the p-position. 
EXPERIMBMTAL 
The extraction of oil and preparation of esters have been 
detailed in Chapter-1. The oil (2.0 g) was fractionated into 
three bands on preparative TLC (20x20 cm) plates spread with 
1 mm layers of silica gel G. The TLC plates were developed 
with petroleum ether-diethyl ether (90:10, v/v) in a develop-
ing jar. Individual fractions were isolated as described in 
Chapter-2. Monoacetotriacylglycerols (Fraction II) - IR (Neat): 
1735 (CPOCH3), 1360, 1220 and 1040 cm""-"-. NMR (CDCI3): d 5.2 t 
(IH, CH2-CH-CH2) and 4.2 t(4H, H2C-CH-CH2), 2.7 m(2H, CH2Cd5), 
2.0 s(3H, H2C-COOCH3), 1.35 br s(chain-CH2-) and 0.9 t(terminal, 
-CH3). 
Gas Liquid ChromatoqraphY_(GIjC) 
GLC analysis of the methyl esters of oil, normal triacyl-
glycerols, monoacetotriacylglycerols and lipolysis products 
were performed as detailed in Chapter-1. Linseed and groundnut 
oil methyl esters were used as standard. 
: 66 : 
GLC analysis of monoacetotriacylglycerols was carried 
out on a Tracor 540 instrument equipped with a flame ionization 
detector. A 1 ft.xl/4 in. i.d. glass column with 3'/. OV-1 on 
Gas Chrom Q, 100-120 mesh were used. The temperature was 
programmed from 200-340 C at 2 C/min. The other parameters 
used in this analysis were the same as described earlier. 
Excellent separations were obtained in the 0^ 4 and C-^ range 
when we have tested with coconut oil triacylglycerols. 
Pancreatic Lipase Hydrolysis of Monoacetotriacylglycerols 
Fraction II 
222 
The reaction procedure was based on the semimicro method 
223 
developed by Luddy et _al; . To the monoacetotriacylgly-
cerols. Fraction II (50 mg) weighed in a small centrifuge tube, 
was added pancreatic lipase (9 mg). The 1 ml of IM tris-
u 
hydroxymethylaminomethane (tris-buffer) at p 8.0, 0.1 ml 22^ 
calcium chloride solution was quickly added. After keeping 
the reaction mixture at 40 C for 1 min., it was stirred at 
this temperature for 8 min. Lipolysis was terminated by aci-
dification with 0.5 ml hydrochloric acid (1:1). The reaction 
mixture was taken to dryness with a rotating evaporator and 
then immediately extracted three times with dichloromethane 
and removal of dichloromethane under reduce pressure yielded 
an oily product. The oily product was fractioned over boric 
: 67 : 
acid impregnated silica gel G plates. The reaction was re-
peated several times to get sufficient quantity of the 
lipolyzed products. 
Isolation of Lipolytic Products 
The lipolytic products were separated by preparative TLC. 
The slurry of silica gel G was impregnated with boric {I3yi) 
acid. The lipolytic products were dissolved in chloroform to 
get 1:10 dilution and the solution was applied as a band on 
preparative TLC. The plates were developed with hexane~di-
ethyl ether (70:30, v/v) . Bands were detected under UV light 
with 2',7'-dichlorofluorescein as the fluorescent indicator. 
The component separated into three well defined zones in the 
following order of increasing height travelled: normal mono-
acylglycerols (R^.0.13), monoacetodiacylglycerols (R^ 0.25) 
and normal diacylglycerols (R^ 0.37). All the bands were 
scraped off, extracted three times with diethyl ether (saturat-
ed with water) and dried. However, we were unable to detect 
any 2-monoacetoglycerols after lipolysis, showing that the 
Fraction II is exclusively an a-monoacetotriacylglycerols. 
Acetodiacylglycerols - IR (Neat) : 3400 (OH), 1360, 1220 and 
1040 cm"-*- (acetate). NMR (CDCI3) : d 5.1 t(lH) and 4.15 t(4H, 
glycerol protons, 3.8 br s(lH, CH-OH, slow D2O exchangeable) 
2.6 m(2H, CHgCdS), 2.1 s(3H, H2C-COOCH3) 1.35 br s(chain-CH2-) 
and 0.9 t(terminal-CHo). 
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Chapter - 5 
TETRAMITR06EN0US FATTT COMPOUNDS 
Synthesis of Fatty Tetrazoles 
The first tetrazole derivative was found almost a century 
ago . Like other higher azoles this class of compounds re-
ceived little attention and 66 years later only 300 tetrazole 
2 
derivatives were known . By the late forties the potential of 
higher azoles in the field of explosives, photography and 
agriculture has been realized and this led to renewed interest. 
3 
The subsequent discovery of the pharmaceutical and biochemical 
properties of tetrazole derivatives has resulted in enormous 
development over the past many years. 
Tetrazoles are compounds of primary importance as they 
4 
are components of many anti-inflammatory, antimicrobial and 
5 
analeptic compounds. They are potent stimulants of the cen-
tral nervous system and are used clinically to counteract 
intoxication due to over-dosage of barbiturates . Stimulants, 
depressants, sedative and analgesic activities are shown by 
certain tetrazoles. 
: 82 
7 8 Consequently, many efforts have been made in the past * 
to develope new strategies in the construction of tetrazole 
2 
ring. An excellent review touching upon almost every aspect 
of tetrazole chemistry is given by Benson. Reaction of ketones 
with 2 moles excess of sodium azide leads to the formation of 
9 
the tetrazole and urea derivatives in major amounts. Schmidt 
has reported the formation of 8C)j< tetrazole from acetone and 
diethyl ketone. 
i^  R 
N — C 
R - C - R ^—-—^^ 
II 
0 
NaN^/HgSO^^^ / \\ 
excess ^i^ 7 
NH - C - NH - R 
0 
The reaction of trimethylsilyl azide with various 
ketones * , aldehydes and oxime esters were found to be 
a versatile procedure for the synthesis of substituted tetra-
zoles. 
R H 
\ / 
ZnCl2 N — C 
R-CHO + (CH3)3SiN3 
R = E t , n - C5H11, P-O2NC5H4, P-NCC5H4 
: 83 
The cyclohexenyl tetrazole was also prepared by an alter-
native route. Reaction of cyclohexene with iodine and thallium 
14 
azide in benzonitrile gave iodocyclohexyl tetrazole in low 
y i e l d . 
Fh 
TLN3,PhCN 
Ph 
Nal H 
HMPA, 
100 C or 
N 
HMPA - Hexamethylphosphoramide. 
15 l(2-Hydroxyalkyl) tetrazoles were synthesized in good 
yield by the reaction of epoxides with stannyl tetrazoles. 
R 
0 
^ 
R 
k NSnBu-
R 3 OH 
R"'" = H,H,Me,Ph,Ph; R^ = H,H,H,H,H; R^ = H,Me,Me,H,Me 
In our laboratory the fatty tetrazoles along with other 
products w.ere synthesized by the reaction of methyl octadec-4-
oxo-trans-2~enoate on treatment with excess of hydrazoic acid 
at room temperature. 
0 
II 
R - C 
0 
II 
R-N - C-CH=CH-C-OCH-
/ W 
N N 
0 
II 
- CH = CH - C - OCH, 
HN, 
BF3- etherate 
benzene 
*0 1 0 
II II 
R-NH-C-CH=CH-C-OCH, 
: 84 : 
0 
(I 
R-C-NH, 
1 2 MeOH/H"*" 
0 
R-C-OCH, 
An effective and straight forward route is found by the 
cycloaddition reaction of halogen to olefins, proceeding via a 
cyclic three-membered halonium ion intermediate. The main goal 
17 18 
to introduction of nitrogen functions ' into organic com-
pounds led to envisage a pathway whereby a neutral molecule, 
i.e. a nitrile, might act as a nucleophile in the opening of a 
halonium ion intermediate, thus.leading to a nitrilium ion. At 
this stage if sodium azide is added to the solution, the tetra-
zole results. 
CHg = CH - CHg - R 
y^^ 
,-N N 
N = C - CH3 
CH2 - CH - CH^ - R 
Br 
Br, 
AlCl. 
NaN, 
J 85 : 
Q- + C - CH3 
CH2 - CH - CHo - R 
^'-6 
CHo -
Br 
N = C - CH, 
I ^ 
CH - CH2 - R 
CH2 - CH - CH2 - R 
Br 
-CH3 
Chart - 1 
A survey of literature has revealed the wide applicability 
of azides and acyl or aryl nitriles as reagents, with various 
unsaturated compounds. However, reactions of fatty substrates 
with these reagents are restricted or absent. In view of the 
versatile nature and lack of reports on the preparation of 
tetrazoles with unsaturated fatty acids, the present chapter 
describes the synthesis of tetrazoles from long chain fatty 
acids. 
: 86 : 
Reaction of Methyl undec-10-enoate (I) with Sodium azide 
and Acetonitrile 
Methyl undec-10-enoate (I) on treatment with bromine and 
sodium azide in acetonitrile at 0 C resulted in the formation 
of two liquid products, a minor II and a major III. 
CH2 = CH - CH2 - R 
( I ) 
CH3CN,Br2,AlCl3 
NaN-
^ I 2 I 2 
Br Br 
(II) 
I 2 I 2 
Br N 
R = (CH2)7-CCX)CH3 r ^  C-CH, 
(III) 
Characterization of the Product (II) 
The compound (II) gave positive Beilstein test for halo-
gen. Its IR spectrum exhibited characteristic bands at 1740 
(QQCX:H3) and 670 cm~ (C-Br). The NMR spectrum of the compound 
gave signals at d 3.95-4.4 m(3H,-CH2-Br and CH-Br), 3.75 s(3H, 
COOCH3), 2.2 m(2H,CH2C0S) and 1.3 br s(chain-CH2-). 
On the basis of these spectral data the compound (II) was 
characterized as methyl 10,11-dibromoundecanoate. 
: 87 : 
Characterization of the Product (III) 
The compound (III) appeared to be a tetranitrogenous com-
pound by its elemental analysis (C24H25N402Br) and responded 
to Beilstein test. The IR spectrum displayed bands at 1735 
( QgOCH3), 1525, 1460, 1375 (N=N,C=N), 1235, 1080, 987 (CN^ 
ring), 665 cm" (C-Br) and UV spectrum showed an absorption 
19 band at 215 nm due to the tetrazole function • NMR spectrum 
of the compound gave conclusive information regarding the 
structure of III. It exhibited peak at d 4.65 m(lH,CH-N^ ), 
for the CiQ proton to which tetrazole ring is attached. TWo 
methylene protons (Hg'iib^  attached to bromine are magnetically 
non-equivalent by virtue of their different stereochemistry. 
Therefore, they have a different chemical shift in their NMR 
spectrum and appeared at d 3.9 s(lH, ^C-Br) and 3.8 dist. 
d(lH, J3-Br, J=3 Hz), respectively. Besides these a 
iib 
characteristic sharp singlet at d 3.6 for ester methyl protons, 
a three proton singlet at d 2.61 for 5'-methyl protons of the 
tetrazole ring and a multiplet centered at d 2.3 for four 
protons ascribable to CQ and Cg methylene protons, a broad 
singlet centered at d 1.28 for chain methylene protons were 
also observed. On the basis of these observations the com-
pound (III) was designated as methyl ll-bromo-10-(5'-methyl IH-
tetrazol-1-yl) undecanoate. 
: 88 : 
The formulation of product (ill) was substantiated by a 
study of its mass spectrum (Scheme - 1, Fig. 1). The mass ion 
at 362/360 corresponds to molecular weight and confirmed the 
microanalysis. The diagnostic mass ions at 267 and 191/189 
arising from a cleavage to the ring established the position of 
tetrazole ring at C,Q. Fragment ions at m/z 95/93 showed the 
presence of bromine atom at C-,-. . Other salient mass ions ob-
served at m/z 363/361 (M+1), 280(M-HBr), 248(280-CH30H), 171 
(M-CH2BrCN4CH3), 110(19l/l89-Br), 96(CH=CN^CH3), 95/93(CH2Br) 
and 84(CN4CH3+H+). 
Reaction of 1-Octene (IV) with Sodium azide and Acetonitrile 
1-Octene (IV), when reacted with bromine and sodium azide 
at 0 C in acetonitrile, afforded an oily compound. Fractiona-
tion of the reaction mixture over silica gel column gave two 
compounds (V) and(VJ) in minor and major amounts respectively. 
( IV) 
CH3CN,Br2,AlCl3 
NaN. 
•CH2-CH-CH2(CH2)4CH3 
Br Br 
(V) 
CH2-CH-CH2(CH2)4CH3 
Br Nv 
(VI) 
CH2 = Br 
95/93 
CH2 = C - {CH2)8COOCH3l 
N' 
N-
m/z 280 
C-CH3 
II 
• N 
CHp-CH 
1 " + 
Br / N \ 
N- • N 
m/z 191/189 
m/z 96 
.267 
H2 - j -CH-(CH2)8-COOCH3"~|" C  
Br 
m 
t - - (CH; 1 
N'^ ^C-CH3 
II II 11 
N 
/z 
N 
362/360 
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Characterization of the Product (V) 
The compound (V) gave positive Beilstein test for halogen. 
Its IR spectrum gave a band at 668 cm"" (C-Br). The NMR spec-
trum of the compound showed signals at d 3.92-4,42 m(3H,CH2~8r 
and CH-Br), 1.25 br s(chain-CH2-) and 0.90 dist. t(terminal-Cil3) 
On the basis of these spectral data, the compound (v) was for-
mulated as 1,2-dibromooctane. 
Characterization of the Product (VI) 
Microanalysis of the compound (VI) gave the composition as 
CnQH-jgN^Br and showed positive Beilstein test for halogen. The 
IR spectrum showed characteristic bands at 1525, 1455, 1380 
(N=N,C=N), 1255, 1088, 985(CN4 ring) and 665 cm"-'' (C-Br). The 
UV of compound (VI) showed an absorption band at 215 nm, a 
characteristic of tetrazole ring. Further support for the 
structure came from its NMR spectrum. The NMR spectrum dis-
played significant signals at d 4.71 m(lH,CH-N^ ), 3.91 s(lH, 
"^ C-Br) and 3.81 dist. d(lH, ^C-Br,J=3 Hz) that is due to 
% • iib 
the Cj^ j^  methylene protons. It also showed a sharp singlet at 
d 2,61, integrating for three protons for methyl group attached 
to the tetrazole ring. A multiplet appeared at d 2.10 for two 
methylene protons of C3. The other significant signals were 
observed at d 1.28 br s(chain-CH2-) and 0.88 t(terminal-CH3). 
On the basis of the above data the product (VI) was characterized 
: 90 : 
as l-bromo-2-(5'-methyl IH-tetrazol-l-yl) octane. 
MS of VI had the molecular ion at 276/274. The significant 
peaks were observed at 277/275 (M+1,1), 194(M-HBr,60), 191/189 
[M-(CH2)5CH3,5], i8l(M-CH2Br,10), 95/93 (CH2Br,10), gsCM-CHgBr 
CN4CH3,20) and 84(CN4CH3+H,80). 
Reaction of Methyl octadec-cis-9-enoate (VII) with Sodium azide 
and Acetonitrile 
A 4 hour stirring of methyl octadec-cis-9-enoate (VII) in 
acetonitrile at 0 C, in presence of bromine and sodium azide 
followed by column chromatographic separation on silica gel 
afforded two oily products, a minor VIII and a major IX . 
CH3CN,Br2,AlCl3 
R-CH=CH-R 
(VII) 
R = CH3-(CH2)y 
R'= (CH2)7-C00CH3 
NaN. 
X = 
^ R - CH - CH - R* 
Br Br 
(VIII) 
10 9 
"* R - CH - CH - R' 
JBr.X 
(IX) 
J 91 : 
Characterization of the Product (VIII) 
The compound (VIII) was shown to be halogenous by Beilstein 
test. IR spectrum illustrated bands at 1735 ( QQCCH^) and 665 
cm" (C-Br). The NfcAR spectrum showed the structure revealing 
signals at d 4.21 m(2H,2xCH-Br), 3.65 S(3H,C0CX:H3) , 2.2 m(2H, 
CH2COO), 1.3 br sCchain-CHj) and 0.90 dist. t(terminal-CHg). 
Thus the compound (VIII) was formulated as methyl 9,10-dibromo-
octadecanoate. 
Characterization of the Product (IX) 
The elemental analysis of the compound (IX) corresponded 
to C2iH2QN402Br and showed positive Beilstein test for halogen. 
The characteristic IR bands appearded at 1735 (ceOCH3), 1535, 
1465, 1375(N=N,C=N), 1260, 1082 cm"-''. An absorption band at 
985 cm" confirmed the presence of tetrazole ring and 665 cm" 
(C-Br). The UV spectrum of the compound (IX) showed an absorp-
tion maxima at 212 nm, a characteristic of tetrazole ring. The 
NMR peaks were observed at d 4.49 as a multiplet for the CQ and 
Cj^ Q methine protons to which the bromine and tetrazole ring are 
attached. As expected, the signal at d 2.59 as a singlet was 
observed, and integrated for three protons which further confirm-
ed the presence of 5'-methyl protons in the tetrazole ring along 
with the other usual signals associated with fatty acid methyl 
ester. Spectral data coupled with mechanistic consideration 
indicated the structure of compound (IX) as methyl _threo-9(10)-
: 92 : 
bromo-10(9)-(5'-methyl lH-tetrazol-1-yl) octadecanoate. Threo-
conformation of IX was designated on the basis of literature 
20 
report and mechanistic approach 
Mass spectrum (Scheme - 2, Fig. -2) further confirmed the 
structure of IX by showing molecular ion peaks at m/z 460/458 
along with mass ions at m/z 461/459. MS fragments at m/z 253, 
251/249, 209 and 207/205 confirmed that product (IX) is a 
mixture of two isomers. 
Reaction of Methyl undec-lQ-enoate (I) with Sodium azide and 
Benzonitrile 
The terminal olefinic ester (methyl undec-10-enoate),(I) 
was stirred with sodium azide in benzonitrile at 0 C for 4 hr. 
Examination of the final reaction mixture by TLC showed two 
spots. Separation by column chromatography over silica gel 
yielded two products(II)and(x) in minor and major amounts respec-
tively. 
CH2=CH-CH2-R 
(I) 
R = (CH2)yC00CH3 
C^H5CN,Br2,AlCl3 
NaN-
^ CH2-CH-CH2-R 
Br Br 
(II) 
4 CH^-CH-CHo-R 
Br^N^ 
N C-C6H5 
\\ 
(X) 
CH3-(CH2)7 -CH ( 
Br t 
m/z 207/205 
C-(CH2)7-COOCH, 
N C-CH3 
N N 
m/2 252 
CH3 -•{CH2 )7 - -CH-CH-(CH2)7-COOCH3 ' 
I I 
Br M 
N C-CH, 
II 11 ^ 
N N 
m / z 460 /458 
CH3-CH2)7 -CH-CH- (CH2)7 COOCH3 ""I ^ 
/ f i l l e r 
N C-CH3 
u w 
N N 
M* m/2 460 / 456 
CH-(CH2)7-COOCH3 
+ 8r 
CH3- (CH2)7-CH 
N C-CH^ 
II II ^ 
N N 
m/2 209 
m/2 251/249 
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Characterization of the Product (II) 
The product (II) was characterized as methyl 10,ll~di-
bromoundecanoate on the basis of its spectral data as described 
earlier. 
Characterization of the Product (x) 
The compound (X), had the composition Cj^ QH2'7N^ 02Br and shown 
to be halogenous by Beilstein test. It showed characteristic IR 
absorption bands at 1735(CpOCH3), 1530, 1400(N=N,C=N), 1255, 1080, 
990(CN. ring), 1605, 780, 740, 700(aromatic ring) and 669 cm" 
(C-Br). UV spectrum showed an absorption maxima at 201 nm due 
to the tetrazole function. Its IMi spectrum, in addition to the 
usual fatty acid methyl ester signals, displayed a multiplet at 
d 7.35-7.82 for five aromatic protons. Two other structure re-
vealing signals were observed at d 4.72 m(lH,CH-N^ ) and 3.99 s 
(IH, ~^ X-Br) and 3.88 dist. d(lH, "^^C-Br, J=4 Hz). The 
structure assigned from these spectral data was methyl 11-bromo-
10-(5'-phenyl lH-tetrazol-1-yl) undecanoate (X). 
Mass spectrum of X (Scheme - 3, Fig. 3) showed molecular 
ion peaks at m/z 424/422 along with ions at m/z 425/423 (M+1). 
The ion peaks at m/z 253/251 and 95/93 established the position 
of tetrazole ring and bromine atom at CJ^Q and C,j^  positions 
respectively. Other important fragment ions were observed at 
m/z 343(M-Br), 393/391(M-OCH3), 186[M-Br(CH2)7C00CH3], 173 
CH2=Br* 
m/z 95/93 
CH2 — 
\ ^ 
II 
N -
m/ 
CH-( 
1 
II 
N 
z 343 
[CH2)8COOCH3 
-C6H5 
CH2H-CH-(CH2)8C 
I 
Br N 
N N 
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OOCHTI • 
CH2-CH 
Br ^ N ^ 
II II ^ ^ 
N N 
m/z 253/251 
CH2—CH 
I II 
N N + 
m/z 147 
^ C-C6H5 
m/z 173 
I-C2H2 i 
1 1 
H-N C-C6H5 
CH 
1 
N C- ( 
1 Jl 
N N 
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(187-CHo), 172(253/251-Br), 158(172-14), 147(173-26) and 118. 
Reaction of Methyl octadec-cis-9-enoate (VII) with Sodium 
azide and Benzonitrile 
The methyl octadec-cis-9-enoate (VII) in the presence of 
sodium azide, bromine and aluminium chloride in benzonitrile was 
stirred for 6 hr. After usual work up and column chromatogra-
phic separation, yielded two products (VIII) and (XI) in minor 
and major amounts respectively. 
R-CH=CH-R 
( V I I ) 
C^H5CN,Br2,AlCl3 
NaN. 
R = CH3-(CH2)7 
R ' = (CH2)7-C00CH3 
X = 
I 
•^ R - CH - CH - R ' 
I I 
Br Br 
( V I I I ) 
10 9 
^ R - CH - CH - R' 
[Br.X 
(XI) 
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Characterization of the Product (VIII) 
As described earlier, the product (VIII) on the basis of 
its epectral data, was characterized as methyl 9,12-dibrorao-
octadecanoate (VIII) . 
Characterization of the Product (XI) 
Elemental analysis of XI corresponded to the molecular 
formula C2^H.,N.02Br. The IR spectrum of the compound (XI) 
exhibited strong bands at 1735(CpOCH3), 1535, 1375(N=N,C=N), 
1260, 1080, 995(tetrazole ring), 1605, 780, 740(aromatic ring), 
670 cm" (C-Br). The UV of compound (XI) showed an absorption 
maxima at 201 nm, a characteristic of tetrazole ring. Its NI\AR 
spectrum gave a downfield multiplet at d 7.41-7.82 (5H,C^H^), 
a multiplet at d 4.55(2H,-CH-Br and CH-N^ methine protons), a 
singlet at d 3.64(3H,C00CH2) along with other usual signals of 
fatty acid chain. These data revealed the structure of XI as 
methyl jthreo-9(10)-bromo-10(9)-(5'~phenyl lH-tetrazol-1-yl) 
octadecanoate. 
Mass spectrum corroborated the structure of XI by showing 
ion peak at m/z 440 (elimination of HBr from molecular ion), 
from which mass ions 283 and 327 emerge by the a cleavage to 
the ring. Other fragment ions were observed at m/z 297[440-
(CH2)^C00CH33 and 147 (Scheme - 4, Fig. 4). 
CH3-(CH2)6 
283 
— CH=CH-CH- [ - (CH2)7-COOCH3"|t 
.^^^ 
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Dehydrobromination of a-Bromotetrazoles 
Reaction of III, VI with Sodium ethoxide 
Compounds (III» VI) on refluxing with lyi sodium ethoxide 
for 2 hr , gave pale brown coloured product. After final work 
up and purification over silica gel column, the products (XII, 
XIII) were obtained in quantitative yields. 
CHo - CH - CH^ 
If T;-CH3 
(IllfVI) 
1'/, sodium 
ethoxide 
CHn — C — CHrt "" 
reflux/60 C ( " > 
N—N 
(XII,XIII) 
III, XII : R = (CH2)7COOCH3 
VI, XIII: R = (CH2)4CH3 
Characterization of Semi Solid Product (XII) 
Microanalysis of compound (XII) corresponded to the formula 
1^4'^ 24^ 4'^ 2' ^^® nonexistence of a band at 665 cm" in IR 
spectrum and negative Beilstein test indicated the elimination 
of bromine. The IR spectrum gave characteristic bands at 1735 
(COXH3), 1658, 922(C=C), 1525, 1440, 1380(N=N,C=N), 1271, 1085, 
980 cm (tetrazole ring). Its UV spectrum gave the significant 
: 97 : 
absorption band at 210 nm, due to the tetrazole ring. Its NMR 
spectrum showed significant absorptions at d 5.4 and 5.21 as 
distorted triplet (J=l Hz) and singlet, respectively for C,j^  
vinylidene protons. Small coupling constant (J=l Hz) for signal 
at d 5.4 may be attributed to the long range coupling between 
one vinylidenic and two allylic protons, a singlet was observed 
at d 2.58 s(3H, C-CHo). Other usual signals appeared at d 2.3 m 
(4H, Cg methylene and CH2COO). In the light of above 
data the compound (XII) was formulated as methyl 10-(5'-methyl 
lH-tetrazol-1-yl) undec-10-enoate. 
Characterization of Oily Product (XIII) 
Elemental analysis of (XIII) corresponded to the formula 
C,QH,ON^ and showed negative Beilstein test. Strong absorption 
bands at 1658, 915(C=C) in its IR spectrum showed the presence 
of a double bond in the molecule. Other significant bands 
appeared at 1520, 1445, 1380(N=N,C=N) , 1275, 1088, 987 cm""^  
(ON. ring). The UV spectrum showed absorption at 211 nm, 
indicating the presence of tetrazole ring. The NMR spectrum 
supported the findings of IR by exhibiting a distorted triplet 
at d 5.4(1H, J=l Hz) and a singlet at 5.29(1H for CH<j = C ), 
\ \ 
a singlet at d 2.54(3H, X-Cil3), 1.28 br s(chain-CH2-) and 0.88 
dist. t(3H, terrainal-CM3) . Keeping in vifew the above data, 
the product (XIII) was formulated as 2-(5'-methyl IH-tetrazol-
1-yl) octa-1-ene. 
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Reaction of IX with Sodium ethoxide 
The compound (IX) was refluxed with !•/. sodium ethoxide at 
60 C for 2 hr. The reaction mixture on usual work up yielded 
an oily product which showed a single spot on TLC plate. By 
fractionating over silica gel column, it gave only one product 
(XIV) in quantitative yield. However, theoretically the com-
pound (XIV) should be an isomeric mixture. 
10 9 10 9 
R - CH - CH - R' R - C = C - R' 
fr^  X, 1>^  sodium ethoxideV / „ ^ 
[Br.X ^ r e f 1UX/6Q C ^ ( " ' ^ 
(IX) (XIV) 
R — CH^ tCHej) "Tt 
R'= (CH2)7C00CH3 
I 
X = .N^ 
C-CHo 
%L_^ 
Characterization of the Product (XIV) 
The compound was analyzed for C2J^H3QN402. The elimina-
tion of bromine was confirmed by the negative Beilstein test 
for halogen. IR absorption bands were appeared at 1740(Q00CHo)» 
3 
1515, 1440, 1380(N=N,C=N), 1278, 1080, 980(tetrazole ring) and 
: 99 : 
a weak band at 1670 and 885 cm" (C=C) . Its UV spectrum gave 
the significant absorption band at 210 nm, due to the tetrazole 
ring. The NMR spectrum exhibited diagnostic peaks at d 5.88 as 
a triplet for the CQ or C,Q methine proton, a sharp singlet at 
d 2.45 (methyl protons of tetrazole ring). A multiplet was 
observed for six protons at d 2.3 for methylene protons a to 
double bond (2XCH2) "^^ ^ "" *° ester carbonyl (2H,CH2C00) . Other 
usual signals were observed at d 3.62 s(3H, COOCH3), 1.28 br s 
(chain-CH2-) and 0.87 dist. t(3H, termina 1-01^ 3) . These data 
suggested the compound (XIV) to be an isomeric mixture of methyl 
9(10)-(5'-methyl IH-tetrazol-l-yl) octadec-9(E)-enoate. The 
assignment of E-geometry was based on mechanistic approach 
20 (antielimination) and literature report 
Reaction of X with Sodium ethoxide 
When compound (x) was treated with 1'/. sodium ethoxide in 
the same manner as described earlier, a single product was 
obtained in quantitative yield after 6 hr of refluxing the 
reaction mixture at 60 C. Column chromatographic purification 
over silica gel of the crude product gave the dehydrobrominated 
tetrazole (XV). 
CHo-CH-CHo-R 1/. sodium ethoxide. CHo=C-CHo-R 
1 ^ 1 ^ r e f W 6 0 C ^ 2 I 2 
Br N ^ N 
N—N ,.., M M (X) N_N 
R = (CHo)oCOOCHo (XV) 
'2^7 
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Characterization of the Product (XV) 
The compound (XV) was analyzed for Cj^9^25^402* ^^^ ^^ 
spectrum showed a band at 1735 (QOOCH^) and two weak bands at 
1655, 920 (C=C). The characteristic IR bands at 1525, 1400 
(N=N,C=N), 1280, 1090, 990(tetrazole ring), 1605(C=C, aromatic 
breathing),780, 740 cm~ (aromatic). The UV spectrum showed 
absorption at 204 nm, indicating the presence of tetrazole ring. 
The structure of XV was further confirmed by its M1\AR spectrum. 
A broad multiplet signal at d 7.35-7.82, integrating for five 
protons was attributed to aromatic protons. C,^ protons 
appeared at d 5.39 dist. t(lH, J=l Hz) and 5.22 s(lH)for CH2=C • 
The difference in the chemical shifts of these protons is due to 
their unidentical environment. Ester protons appeared as usual 
at 3.6 as a singlet along with the other signals at 2.2 m(4H,CQ 
methylene and CH2-COO) and 1.28 br s(chain-CH2")• These spec-
tral data supported the structure of XV as methyl 10-(5'-
phenyl lH-tetrazol-1-yl) undec-10-enoate. 
Reaction of XI with Sodium ethoxide 
When compound (Xl) was refluxed with 1/. sodium ethoxide 
solution for 6 hr as described earlier, a quantitative yield 
of dehydrobrominated product was obtained. The reaction pro-
duct on purification over silica gel column afforded only one 
TLC homogeneous product (XVI). 
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ID 9 10 9 
R - CH - CH - R- V. sodium e t h o x i d e , R - C = C - R' 
fer.x -"-TifH^TSo-c J^^^ 
(XI) (XVI) 
R = CH3-(CH2)7 
R'= (CH2)yC00CH3 
Characterization of the Product (XVI) 
The compound (XVI) was analyzed for C2^H^QN402. Its IR 
spectrum displayed strong bands at 1735(cpOCH3), 1670, 1520, 
1400(N=N,C=N), 1280, 1090, 985 (tetrazole ring). The other 
absorptions appeared at 1605, 775 and 730 cm" (aromatic). 
The UV of compound (XVI) showed an absorption maxima at 206 nm, 
a characteristic of tetrazole ring. Its NMR spectrum corro-
borated its structure by showing the signals at d 7.43-8.0 as 
raultiplet accountable for five protons of substituted benzene 
ring. A triplet at d 5.83 was due to CQ or C,Q proton having 
the J value 7 Hz. Other signals appeared at d 3,6 s(3H, 
COOCH3), 2.28 m[6H, methylene protons a to double bond (2XCH2) 
and CH2COO], 1.28 br sCchain-CHg-) and 0.90 dist. t(terminal-CH3). 
: 102 : 
In the light of above data the compound (XVI) was formulated 
as methyl 9(10)-(5'-phenyl lH-tetrazol-1-yl) octadec-9(E)-
enoate. 
Chapter - 6 
DINITR06EH0US FATTY COMPOUNDS 
Synthesis of 3-Pyrazolines 
21 22 A number of pyrazolines are known * and sizeable literature 
23-25 has accumulated regarding their industrial uses . A large 
number of derivatives have been patented for use as fluorescent 
26,27 28 
whitening agent, wool and certain synthetic fibres. In recent 
years pyrazolines have attracted attention due to their anti-
29 30 bacterial, insecticidal and acaricidal properties ' 
31 Scaning of the literature revealed that a number of steroidal 
32 
and non-steroidal a,p-unsaturated ketones with hydrazine and/ 
or phenylhydrazine leads to the formation of pyrazolines and 
33 
are influenced by the use of glacial acetic acid in benzene 
under azeotropic distillation employing a water separator and 
an exchange method. 
The most general method for pyrazoline synthesis is the 
reaction of hydrazines with a,p-unsaturated ketones^*^. Phenyl-
hydrazones can be isolated in many instances with phenyl-
hydrazine, and these intermediates generally rearrange to 
: 104 : 
33 pyrazoline on refluxing in acetic acid . Pyrazolines are 
obtained directly from a,p-unsaturated ketones such as ethy-
lidene acetone or mesityl oxide, although 3-decen-2-one was 
34 
reported to yield a phenylhydrazone • The reaction of phenyl 
35~37 
vinyl ketone with phenylhydrazine gave 1,3-diphenyl pyra-
zoline with the evolution of heat. Pyrazolines are obtained 
38 less readily with phenylpropenyl ketone or phenylisobutenyl 
ketone, although phenylhydrazones are not isolated in these 
39,40 
reaction either. The formation of l,3,5-triphenyl-2-pyrazoline 
from chalcone and phenylhydrazine is an early example of the 
most widely used synthetic route to pyrazolines. The survey 
also revealed that no attempt has been made to synthesize 
pyrazoline derivatives of fatty ketone with the simple reagent 
(NpH.). This prompted us to undertake the problem in order to 
prepare pyrazoline derivatives from a,p-unsaturated fatty ketone. 
Synthesis of Methyl octadec-trans-2~enoate (XlXb) 
Stearic acid (XVII) was transformed into the corresponding 
\41 42a trans-2-enoic acid (XlXa) * as outlined below. IR spectrum 
R-CH2-CH2-COOH Br2,P R-CH2-CH-COOH KI,C2H50H 
H2O ^^ KOH 
(XVII) (XVIII) 
R-CH=CH-COOR' + R-CHo-CH-COOH + R-CHo-CH-COOH 
2 I 2 I 
002^% OH 
(XlXa.b) (XX) (XXI) 
XVII,XVIII,XIXa,b,XX,XXI : R=CH3(CH2)^^4* ^^^^ • «'=»* XIXb:R'=CH 3 
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of XlXb showed diagnostic absorption bands at ITSOCCOOCHo), 
1655 (CH=CH) and 980 cm""'" (_trans-olefin) . The NMR spectrum 
exhibited a doublet of doublet centred at d 6.77 (1H,J=15 and 
5 Hz) ascribable to a proton p to ester carbonyl, a doublet at 
d 5.75(1H,J=15 Hz with small long range coupling, trans-olefinic 
proton) attributable to a proton a to ester carbonyl, a multi-
plet at d 2.45(2H,-CH2-CH=CH-) and usual signals as observed in 
fatty acid methyl esters. Double bond configuration is trans 
as indicated by coupling constant. 
Synthesis of Methyl octadec-4-oxo-_trans-2-enoate (XXII) 
The allylic oxidation of methyl octadec-trans-2-enoate 
(XlXb) with chromium trioxide in acetic acid and acetic an-
hydride afforded methyl octadec-4-oxo-trans-2-enoate (XXII). 
CH3(CH2)jL3 " CH2 - CH = CH - COOCH3 
(XlXb) 
CrOg 
AC2O - Ac OH 
CH3(CH2)-L3 - C - CH = CH - COOCH3 
(XXII) 
: 106 : 
Elemental composition of the compound (XXII) corresponded to 
formula ^ig^2A^3' •^^^ ^^ spectrum gave characteristic bands 
at 1665(-CXH=CH-), 1645(CH=CH) and 995 cm"-*- (trans-unsatura-
tion). Its UV spectrum gave the significant absorption maxima 
at 220 nm, due to the a,p-unsaturated ketone. The NMR spectrum 
showed significant peaks at d 7.05 d(lH,CH=CH-C00CH3, J=16 Hz), 
6.54 d(lH,-CH=CH-C00CH3,J=16 Hz) and 2.50 m(2H,-CH2-C0). 
Condensation of Methyl octadec--4-oxo-trans~2--enoate (XXII) 
with Hydrazine 
A solution of methyl octadec-4-oxo-tran£-2-enoate (XXII), 
hydrazine and acetic acid in benzene were refluxed. Examination 
of the final reaction product by TIX showed one spot which 
moved slightly ahead from the starting material. On fractiona-
tion over silica gel column a viscous oily product (XXIII) in 
quantitative yield was obtained. 
R = CH3(CH2);L2 
R - CHo - C -
^ II 
0 
R 
CH = CH - C - OCH^ 
II -^  
0 
(XXII) 
^ 
NH2NH2 
Ac OH, 
, Benzene , A 
y T 0CH3 
HN_NH 
(XX. rii) 
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Characterization of the Product (XXIII) 
The TLC homogenous oily product (XXIII) analyzed for 
1^9^ 36^ 2^*^ 2* ^^^ ^ spectrum showed bands at 3270 (NH), 1725 
(QPOCH3) and 1620 cm""'' (C=C)» The mR spectrum very clearly 
supported the structure of XXIII. It exhibited signals at 
d 6.52 d(Ha) , 3.74 s(3H,C00CH3), 3.67 m(H,^ , partially merged 
with the signal of ester protons), 2.3 m(2H,CH2 " ^° ^^® I'ing), 
1.25 br s(chain-CH2-) and 0.88 t(terminal-CH^). The two 
clearly separated signals as multiplets at d 2.08 and 1.88 of 
the hydrazo moiety (-Nij-NH-) of the structure XXIII were due 
to the nonequivalent nature of these protons. It was expected 
that the reaction would yield hydrazone, but the presence of 
acetic acid facilitated the formation of the pyrazoline (XXIII) 
On the basis of the above data the compound (XXIII) was formu-
lated as 3-tetradecyl-5-(methoxycarbonyl)-3-pyrazoline. 
The mass spectrum of compound (XXIII) (Scheme - 5, Fig. 5) 
did not show the molecular ion peak at m/z 324 (,C-.QH~,Np02). 
Characteristic mass fragment ions arising from a-cleavage of 
pyrazoline moiety were at m/z 264, 197 and 127. Other mass 
ions at m/z 323 (M-H), 322 (M-2H), 292 (M-32), 277 (292-NH) 
were observed. 197 
CH3-(CH2)^2"^"2 
Scheme - 5 
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Condensation of Methyl octadec-4-oxo-'trans-2-enoate (XXII) 
with Phenylhydrazine 
Similar condensation of methyl octadec-4-oxo-trans-2'-
enoate (XXII) was carried out with phenylhydrazine in presence 
of acetic acid. Final work up of the reaction mixture and 
preparative TLC purification afforded XXIV in excellent yield 
as an oil. 
0 
Ha 0 
R-CH2-C-CH=CH~C.0CH3 g^HsNHNHs R ' ^ ' ^ ' N / ^ ' ' ^ OCH3 
AcOH,Benzene I)M f^C^H^ 
(XXII) A IXXIV) 
R = CH3(CH2)j^2 
Characterization of the Product (XXIV) 
The compound (XXIV) gave satisfactory microanalysis for 
^25^40^2^2* This composition suggested that phenyl group has 
been attached to the molecule. This assumption was further 
supported by IR and NMR spectral studies. The IR spectrum 
displayed bands at 3300(NH), 1725(cgOCH3), 1620(C=C), 1540(C-N) 
and 1600, 1505, 750, 690 cm""'- (monosubstituted benzene). In 
addition to the signals normally present in the spectrum of 
long chain esters, the NMR spectrum showed absorptions at d 7.2 
br mCc^H^), 5.91 d(Hg^ ) , 3.68 dCH^ ,^ merged in part to the ester 
: 109 : 
protons signal at d 3.72), 2.34 m(2H,CH2 a to the ring) and 1.91 
br s(NH,D20 exchangeable). These spectral data indicated the 
structure of compound (XXIV) as 3-tetradecyl-l-phenyl-5-(methoxy-
carbony1)-3-pyrazoline. 
The mass spectrum (Scheme - 6, Fig. 6) furnished corro-
borative evidence in support of structure XXIV by exhibiting 
mass ions at m/z 342, 314, 217 and 171. Other ions were obser-
ved at 373 (M-27), 328(342-CH2) and 149. 
Condensation of Methyl octadec-4-oxo-_trans-2-enoate (XXII) 
with Tolylhydrazine 
Methyl octadec-4-oxo-trans-2-enoate (XXII) in benzene was 
refluxed with tolylhydrazine and acetic acid. The progress of 
the reaction was monitored by TLC. After usual work up and 
silica gel column chromatographic fractionation gave product 
(XXV) in quantitative yield. 
0 
II 
0 
II 
R-CH2-C-CH=CH-C-0CH3 
(XXII) 
CH3C^H^-NHNH2 
AcOH, Benzene 
A 
OCH, 
C^H4CH3 
(XXV) 
R = CH3(CH2)j_2-
CH3~- (CH2) i2 -CH2-C N - C S H B " ! ' ' ' V 
m/z 3)4 
217 171 
-CH3OH \ 0 
CH3-(CH2)l2 + C H 2 
N-CgHs 
m/z 400 ( M* absent) 
0 
It 
HN CH C - H 
\ / 
N + 
/ \ 
CgHg H 
m/z K9 
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Characterization of the Product (XXV) 
Elemental analysis of the TLC homogenous product (XXV) 
corresponded to formula C25H42^2^2' ^^^ "^ ^ spectrum displayed 
significant bands at 3320 (NH), 1730 (CPOCH3), 1615 (C=C), 1600, 
1510, 820 (aromatic, disubstituted) and 1545 cm" (C-N). The 
NMR spectrum showed important signals at d 7.2 br m for aroma-
tic protons. It exhibited peaks at d 5.78 d for H. ring 
proton and 3.65 d for R which was merged in part to the ester 
proton signal at d 3.7, 2.32 m(CH2 a to ring), 2.23 s(3H,-CH3) 
and 1.65 br s(NH, D2O exchangeable). On the basis of these 
observations the structure assigned to compound (XXV) is 3-
tetradecyl-l-tolyl-5-(methoxycarbonyl)-3-pyrazoline. MS of 
compound (XXV) did not show the molecular ion at m/z 414. The 
significant mass ions were observed at 286 [414-CH3(CH2)^+CH0], 
285[414-CH3(CH2)5+CH203, 284[414-CH3(CH2)5-CH30], 255(285-CH20), 
227(255-N2), 225(255-30), 213(227-14) and 211(225-14) (Scheme -7, 
Fig. 7) . 
,227 ^13 J.99 185 
'6V^ 3 
CH3(CHg)^-CH2-CH2-CH2-CH2 CHo -- CH OH, 2" [A / - — 3 
m/z 414 (Mt absent) 
0 
11 
HN — CH - C - H 
^6^4^"3 
H 
m /z 163 Scheme - 7 
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The formation of A -pyrazoline can be explained on the 
basis of the following mechanism (Chart - 1). The first step 
involves the formation of hydrazone, which in presence of 
3 
acetic acid changes to ^-pyrazoline via endocyclization. 
R-C-CH=CH-COoCHo 
R'NHNH. 
Ac OH 
H U OOCH. 
-NH a^  
COXH, OOCH. 
.K^NH2 
Chart - 2 
Chapter - 7 
CHLOROPHEHYLSELEHENYLATIOH 
Addition of Phenylselenenyl chloride 
The addition of phenylselenenyl halide to double bond is a 
potentially useful route for the synthesis of organometallic 
compounds but have received little attention by organic 
chemists. This is probably due to the lack of data regarding 
43 44 the regiospecificity of addition * , as well as the thermal 
and solvolytic stabilities of the resulting adducts. 
44 
Earlier reports indicate that the addition of phenyl-
selenenyl bromide to terminal olefins (A) initially produces 
anti-Markovnikov adduct (B) which isomerises on standing to 
the thermodynamically more stable Markovnikov adduct(C). 
R-CH=CH^ + PhSeBr . R - CH CHo 
. + / = 
'Se^Br-
I 
Ph 
(A) 
R-CH-CH^ R-CH-CH2 
Br SePh < ^e Br 
Ph 
(C) (B) 
: 113 : 
43-46 Phenylselenenyl chloride underwent efficient addition 
reactions v;ith a variety of olefinic compounds, such as cyclo-
alkenes, styrene, terpinol, alkenyl tetrahydrofuran and hexene* 
It was observed that cyclonona--l,5-diene (D) reacts stereo-
selectively with PhSeCl in acetic acid to give a substituted 
hydrindan (E) by cyclofunctionalization to heterocyclic com-
47 48 pounds ' containing the synthetically useful seleno group. 
How a trans-addition of this process can be used to make a C-C 
48 bond has been reported 
AcO H 
(D) ^£) 
Introduction of selenium reagents to induce cyclization 
reactions effectively and under extremely mild conditions 
opened up a variety of promising routes for the synthesis of 
heterocycles. This new methodology which takes advantage of 
the high electrophilicity of PhSeCl has contributed in the 
development of synthetically useful chemistry of the phenyl-
seleno group. 
Organoselenium induced cyclization of the olefinic alco-
hols has been extensively studied to produce cyclic 
49 50 51 
ethers ' ' . Analogous cyclization of olefinic acids has 
also been studied to afford lactones * . 
: 114 
4 54 
^-Olefinic alcohols were reported to react with 
PhSeCl to produce tetrahydrofuran, with a phenylseleno group 
trans- and |3~ to the oxygen as shown below. 
C^HsSeCl 
C6H5S 
C6H5SeCl 
" ^ ^ Hb 
He SeC^Hg 
C^H^SeCl 
The first stage in these reactions is addition of PhSeCl 
to the double bond to produce a P-chloroselenide,which is con-
verted into the cyclic ether if the phenylseleno group is 
trans- to the hydroxy alkyl side chain. If the relationship 
is cis-, then chloroselenide formation would have to be a 
reversible process. 
The above reaction is regarded as a trigonal cyclization. 
55a,b This empirically based rule for ring closure suggests that 
both 5-exo and 6-endo trigonal pathways may be followed lead-
ing in the case of pent-4-enol (F) to the tetrahydrofuran (G) 
and tetrahydropyran (H). If the intermediate of type (I) is 
: 115 : 
involved, then both modes of cyclization are again allowed 
56a,b 
with the fact that a five-membered ring is expected to be 
preferred. It is known that ring closure of pent-4-enol with 
57 halogens leads to tetrahydrofuran but the cyclization with 
lead tetracetate gives both five and six membered hetero-
, 58 
cycles 
/ 
6-endo rin 
closure 
(F) 
C^H^Se 
7 \ 
C.H,^s/\/ 
5-exo ring 
closure 
(H) (I) 0» (G) 
The mildness and high efficiency of the reaction des-
cribed, leading to cyclic ethers of various types, make this 
new methodology an attractive way of approaching complex natura-
lly occurring substances containing various functionalities, 
e.g.,Prostacyclic (PGX) * • These reactions have also been 
utilized in the synthesis of natural products and related 
compounds 61,62 
The reaction * of olefins with phenylselenenyl chlo-
ride in presence of nitrile, some organic acids such as 
: 116 : 
trifluoromethanesulphonic or p-toluenesulphonic acid and water, 
leads to Ritter-type of amide synthesis and affords p~amido-
alkylphenylselenides in good to excellent yields. When the 
reaction was applied on a terminal olefin the -SePh group was 
incorporated mainly at the terminal carbon atom yielding 
Markovnikov product. p-Toluenesulphonic acid is also effective 
as organic acid but trifluoromethanesulphonic acid gives 
better result. This reaction proceeds smoothly with phenyl-
selenenyl halide. 
SePh 
\ / 
C=C 
/ \ 
+ PhSeCl 
MeCN, H2O 
CF3SO3H 
hJHCOMe 
Another extremely rapid and gentle route to selenides is 
the stereospecific addition of PhSeZ (Z=CF3000,^3000,MeO,EtO 
and PrO) across carbon-carbon double bond. This reaction is 
an anti-addition^''^"^^ but is characterized by poor regio-
selectivi^y^''^*^^'^^. The observations^^ reported are typical, 
so that any modification of the process that makes it regio-
specific would constitute an useful synthetic method. 
R - CH = CH2 
PhSeOCOCF. 
R SePh R 
OCOCF- ^ 
COF. 
ePh 
R. 
Ph 
'tF3C00 
: 117 : 
Organoselenium derivatives are recognized as an important 
class of organic compounds. The utility and versatility of these 
derivatives have been well documented. Electrophilic nature of 
selenium reagents towards carbon-carbon double and triple bonds 
has been a subject of recent interest. A scaning of the litera-
ture has revealed the wide applicability of phenylselenenyl 
halides as reagents, with various unsaturated compounds. How-
ever, reactions of fatty substrates with these reagents are 
limited 
In view of the versatile nature of reagent and lack of 
reports on reaction of unsaturated fatty acids with phenyl-
selenenyl halides, the present chapter describes a study of the 
reaction of phenylselenenyl chloride with olefinic and hydroxy 
olefinic long chain fatty acids. 
Reaction of Methyl octadec-cis-9-enoate (VII) with 
Phenylselenenyl chloride 
Methyl octadec-cis-9-enoate (VII) on reaction with PhSeCl, 
p-toluenesulphonic acid (p-TSA) and water in acetonitrile 
afforded two products(XXVI) and (XXVII). The products were 
purified by column chromatography. The structure of the com-
pounds was established by its elemental analysis as well as 
by spectral studies. 
R-CH=CH-R• 
( V I I ) 
PhSeCltCHgCN 
p-TSA,H20 
R = CH3-(CH2)7 
R '= (CH2)yC00CH3 
: 118 : 
10 9 
-» R - CH - CH - R' 
S e P h . C l 
(XXVI) 
10 9 
-^  R - CH - CH - R' 
SePh.NHCOCH, 
(XXVII) 
Characterization of the' Product (XXVI) 
This compound was analyzed for C25H^ -1^ 020136 and showed a 
positive Beilstein test for halogen. The IR spectrum showed 
bands at 1730 (CPOCH3), 1595, 740 (aromatic C-H str.)» 1430, 
1050, 690 (C-0) and 700 cm""-"" (C-Cl) . Its NMR spectrum exhi-
bited signals at d 7.15 m(3H, fOl ), 7.05 m(2H, y Q Y ~ ), 
3.89 m(lH,CH-Cl), 3.65 s(3H,C00CH3) ,"3.2 m(lH,CH-SePh) and 
other signals usually associated with fatty acid ester. These 
data suggested the incorporation of phenylselenenyl chloride 
into the fatty acid chain. Thus on the basis of spectral values 
coupled with mechanistic consideration, the compound (XXVI) was 
: 119 : 
characterized as an isomeric mixture of methyl 9(10)-chloro-
10(9)-phenylselenenyloctadecanoate. 
Characterization of the Product (XXVIl) 
Microanalysis of the compourid (XXVII) gave the composition 
as C^ H^.prlMOoSe. The IR spectrum displayed characteristic bands 
at 3250 (-NH), 1650 (NHCOCH3), 1735 (COOCHg), 1595, 740 (aroma-
tic C-H str.)» 700 cm" (C-Cl). The NMR of this compound also 
substantiated its structure. It gave signals at d 7.6 m 
(3H, ^ ( S j ^ )» 7.25 m(2H, fol )» 5.62 d(lH,-NHC0CH3,D20 
exchangeable), 4.2 mCCH-NHCOCHg), 3.7 s(-C00CH3), 3.20 m(lH, 
CH-SePh), 2.24 m(2H,CH2-C00), 1.98 s(3H,-NHCXH3) and usual 
signals of fatty esters. Thus, these spectral data confirmed 
the structure of XXVII as methyl 9(10)acetamido-10(9)-phenyl-
selenenyloctadecanoate. The isomeric nature of product was 
TO—7^ 
established in the light of literature reports 
MS analysis of compound (XXVII) did not show the molecular 
ion at m/z 511, Other important fragment ions were observed 
at m/z 480(M-31,12), 479(M-32,5), 452(M-59,46), 453(M-58,12) 
and 354(M-157,44). Other salient mass ions at 283(12), 228(23), 
184(33) and 327(2) confirmed its isomeric nature (Scheme - 8). 
Fragment ions containing selenium showed cluster of peaks due 
to different isotopes. The most abundant isotope (Seo/-*) was 
80 
considered in the fragmentation pattern. 
240(31) 
283(12) 
19 
113(7) 
\ 
6 (40) 
- 3 2 -43 
228(23) 
185(12) 
r-58 
CH3-(CH2)7_L_ CH 
/1 
/ CgHs 
157(14) 
354 (44) 170(9) 
• CH 
NH 
--1 
157 (14) 
(CH2)7 -COOCH3 
\ 
TZo \58(16) / 
I ^ 452(46) 
CH3 43(100) 
m/z 511 (M*/absent ) 
141(50) j-43 
184(33) 
126(9) - 5 8 
CHo- (CH?)? - C H -
/ NH 
/ / C=0 
58(16) t ^"3 
43(100) 
3 2 7 ( 2 ) ^ ^ ^ 2 9 5 ( 7 ) 
354(44) 
157 (14) 
CH-J- (CH2)7--COOCH3 
- I — ^ 
Se ^ 
C6H5 \ 452(46) 
157(14) 
m /z 511 ( M * , absent) 
Scheme—8 
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Reaction of Methyl 9-hydroxyoctadec-cis-12-enoate (XXVIII) 
with Phenylselenenyl chloride 
Methyl 9-hydroxyoctadec--cis--12--enoate (XXVIII) was stirred 
with phenylselenenyl chloride in acetonitrile. The complete 
conversion of the substrate was observed within 30 min.Purifi-
cation over silica gel column chromatography yielded only one 
product (XXIX). Chromatographic behaviour of the product (XXIX), 
i.e., higher R^ value than the substrate indicated that the 
reaction followed probably a different course other than simple 
addition. It is evident that intramolecular reaction,competes 
successfully with the intermolecular, resulting cyclization 
through neighbouring group participation. This observation is 
in accordance with 'rules for ring closure' postulated by 
55 Baldwin 
CH3-(CH2)4-CH=CH-CH2-CH2-CH-(CH2)y-C00CH3 
OH 
(XXVIII) 
PhSeCl 
CH^CN 
CH3-(CH2)4-CH -jCH-(CH2)2-CH-(CH2)7C00CH3 
Ph 
CH3-(CH2)4-CH-(^^ >(CH2)7-C00CH3 
SePh 
(XXIX) 
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Characterization of the Product (XXIX) 
The compound was analyzed for C2RH.Q0oSe. The IR spectrum 
of the compound (XXIX) showed the disappearance of the hydroxyl 
-1 73 
band. A diagnostic band 1110 cm for 1,4-epoxide was 
observed along with absorption at 1070 and 1020 for ether 
linkage. A band at 1580 was assigned to monosubstituted ben-
zene. Its J^MR spectrum exhibited signals at d 7,5 m (3H, [Ol )» 
ii A. H a h ^ 
7.15 m(2H, Y o T ^* ^ ^^° proton multiplet at d 3.95 which"" 
was assigned to CQ» 0^2 niethine protons of epoxide ring and one 
proton broad multiplet at 3,12 for C,o methine proton, a to a 
phenylseleno function. Another peak at 1.85 as multiplet was 
attributed to four-protons, i.e., C-|Q and C,j^  methylene grouping 
of epoxide ring. The structure assigned from these spectral 
data was methyl 9,12-epoxy-13-phenylselenenyloctadecanoate. 
Reaction of Methyl 12-hydroxyoctadec-cis-9-enoate (XXX) 
with Phenylselenenyl chloride 
The reaction of phenylselenenyl chloride with methyl 12-
hydroxyoctadec-cis-9-enoate (XXX) was carried out similarly as 
described earlier. The TLC of the reaction mixture showed a 
spot (XXXI) at higher R^ value than the spot of the starting 
material which indicated the participation of the hydroxyl 
group in olefinic selenenylation reaction. The other two 
products (XXXII, XXXIII) having lower R^ values than the subs-
trate shows their polar nature. 
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SePh 
R-CH-CHo-CH=CH-R' 
OH 
(XXX) 
R = CH3-(CH2)5 
R'= (CH2)7C00CH3 
PhSeCl 
CH3CN 
10 9 
^ R-CH-CH2-CH-CH-R' 
OH jSePh.Cl 
(XXXII) 
10 9 
-> R-CH-CH2-CH-CH-R' 
{sePh.OH 
(XXXIII) 
I 
OH 
Characterization of the Product (XXXI) 
The elemental analysis of XXXI corresponded to formula 
^25^40^3^®* Diagnostic IR bands were observed at 1160 for 
1,4-epoxide^ '^  along with bands at 1070 and 1020 cm""^  (C-0) 
suggested a five membered ethereal oxygen containing cyclic 
ring. The band for monosubstituted benzene was observed at 
1575 cm" . NMR spectrum showed signals at d 7.5 m(3H, 101 „) 
-Tor- ^ 
and 7.2 m(2H, k^;;^  ), a multiplet signal at d 3.7 inte'grat-
ingfor two protons assignable to Cg and 0^ 2 epoxy ring methine 
protons. Other diagnostic signals were observed at d 3.6 s 
(3H,C00CH3), 3.0 m(lH,CH-SePh), 2.25 m(2H,CH2 « to the ester 
: 123 : 
carbonyl), 1.85 ni(2H, 2^"^ ), 1.35 br s(chain-CH2-) and 
0.90 t(terndnalHCHo'). .All these spectral data established the 
structure of XXXI as methyl 9,12-epoxy-lO-phenylselenenyl-
octadecanoate. 
The MS of XXXI further supported the structure as assigned 
on the basis of elemental analysis, IR and NMR. Mass spectrum 
of XXXI confirmed the cyclic structure of the product. 
Molecular ion peak at m/z 468 was present. An intense peak 
due to loss of side chain [(CH2)Y-C00CH2 ] from molecular ion 
at 311 was present, confirming the presence of phenylseleno 
group in the molecule. The characteristic fragments 
(Scheme - 9, Fig. 8) at 467 (M-H),436 (M-CH3OH), 310 (M-HSePh), 
311 (M-SePh) and 310 (311-H). Other salient mass peaks were 
present at 382 [M-CH3(CH2)4CH3], 293 (3II-H2O), 282 (3IO-CH2CH2) 
225 [310-CH3(CH2)5], 225[M-CH3-(CH2)5 + HSePh], 224(382-HSePh), 
192(224-CH30H) and 184(CH2=CH-SePh). 
+ / SePh, f t «  w i s ^ n / { r\ ^ 
CH3 - (CH2)5 - - ^9 . /CH 
3 1 1 / ^ 
(CH2)7 - COOCH3 
m/z 468 (Mt, p r e s e n t ) 
Scheme - 9 
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Characterization of the Product (XXXIl) 
This compound was analyzed for C2RH4,02ClSe and showed a 
positive Beilstein test for halogen. The IR spectrum showed 
bands at 3300 (-0H), 1580, 1165, 1010, 740 (aromatic) and 700 
cm" for C-Cl . NMR spectrum displayed two characteristic 
multiplets at d 7.55 (3H) for (Q) and 7.25 (2H) ^ or ""YQf' 
of the monosubstituted benzene ring were encountered. Two 
distinct one-proton multiplets centered at d 4.1 and 3.1. These 
were assigned to methine protons alpha to chloro, and phenyl-
seleno functions respectively. Other peaks were observed at 
3.55 multiplet for C.,2 methine proton, alpha to hydroxy function. 
One D2O exchangeable proton as broad singlet was observed at 
d 2.42 assignable for the -CH- proton. A multiplet at d 2.25 
OH 
established C,,-methylene pr"otons sandwiched between hydroxy 
and chlorophenylseleno groups. These data characterized the 
product (XXXII) as an isomer by literature report and mechanis-
tic approach as methyl threo-12-hydroxy-10(9)-chloro-9(10)-
phenylselenenyloctadecanoate. 
Characterization of the Product (XXXIII) 
The compound (XXXIII) was analyzed for C25H4204Se. Its IR 
spectrum displayed broad band at 3300 (OH) and sharp bands at 
1578 (aromatic ring) and 1020 cm" (C-0 str.). The NMR spectrum 
exhibited a multiplet at d 7.5 for three protons attributable to 
: 125 : 
( yN;^ >\H ) and a multiplet at 7.2 for two protons ( TOj )• 
The compound displayed two signals in their IMi spectrum, a 
broad multiplet at d 3.15 and 3.95 for two methine protons of 
CQ and C-|Q alpha to phenylseleno and hydroxy groups respective-
ly. The other signal was observed at 3.6 multiplet for C-,2 
methine proton (merged in part with the ester signal), alpha 
to hydroxy function. Two D2O exchangeable protons as a broad 
singlet were observed at d 2.45 and thus confirmed the presence 
of two hydroxy group. 
Keeping in view the aforementioned spectral data coupled 
with mechanistic consideration the structure of product (XXXIII) 
was formulated as methyl threo-12-hydroxy-10(9)-hydroxy-9(10)-
phenylselenenyloctadecanoate. 
Chapter - 8 
5-CHLOSOPERBENZOIC ACID OXIDATION 
Oxidation of Phenylseleno- Fatty Acid Derivatives 
74-77 Many workers in recent past have recognized that the 
syn-elimination of selenoxide constitutes a very mild procedure 
for introduction of unsaturation into a carbon sigma bond sys-
tem. The procedures have been developed to a high level of 
refinement and now constitute a standard synthetic method for 
introducing unsaturation. 
78 Sharpless ^  _a^  showed that the penultimate step involves 
oxidation of phenylselenide compound (J) to the corresponding 
seleno,xide (K) which eliminates at room temperature to the 
desired olefin (L). 
i^L^ V^ —* ^ \^n. 
X 
(J) (K) / (L) 
R = Ph,CH3,n-C^Hj^g 
X = hydrogen, alkyl, alkoxy 
: 127 : 
79 Reich et al performed the transformation of ketones to 
enones by selenenylation followed by selenoxide elimination. 
Several procedures for the preparation of phenylseleno ketones 
have been developed. The most useful is direct selenenylation 
of ketone enolates using PhSeBr and the reaction of enol ace-
tates with electrophilic selenium species such as benzene-
selenenyl trifluoroacetate. Several oxidants (ozone, hydrog-
en peroxide, sodium metaperiodate) and reaction conditions are 
described to allow optimization of the yield obtained in the 
transformation of a-phenylseleno ketones to enones. 
0 
-» Pfi T > Ph 
P'^^8'^ SePh 
Taking advantage of the above procedure, many workers have 
SO 
synthesized certain olefins by using NCS or t-BuOCl as oxi-
dizing agents. This method of oxidation-elimination compares 
75 78 
quite well to others in the literature * 
During the synthesis of a chiral steroidal selenoxide, 
Q 1 
Jones ejt _al^  have discovered the selenoxide analogue of the sul-
foxide syn-elimination reaction. In this case the selenoxide 
7^ 7A 
decomposes to olefin even at 0 C . Sharpless et ad have 
prepared a variety of alkylphenyl selenoxide and have found 
that all decomposed readily to olefins at room temperature. 
: 128 : 
82 
Brown _et aj. have investigated that phenylselenenyl 
chloride reacts with isoprene giving chloroselenide which are 
converted by alkylation and subsequent oxidation into synthe-
tically useful dienes, allylie alcohols or a,p-unsaturated 
ketones. 
It is well known that the oxidation of alkylphenylselenides 
83—85 
with several oxidizing agents readily results in selenoxide 
elimination leading to olefins. Treatment of secondary alkyl-
87 
phenylselenides with various oxidants affords the correspond-
ing trans-alkene highly selectively irrespective of the amount 
of oxidant. On the other hand in case of tellurium analogues the 
double bond geometry of the product, alkene, depends markedly 
on the amount of oxidant, the trans-isomer being formed highly 
selectively with 1 equiv. oxidant,the proportion of the cis-
isomer being increased with excess (2-10 equiv. of oxidant). 
Oxidation of cyclododecyl phenylselenide is known to give a 1:1 
mixture of trans-and cis-cyclododecene by selenoxide elimination. 
MPh 
121 
M = Se 
M = Te 
-\-
: 129 : 
Formation of double bond by oxidative-fragmentation of 
p-heterosubstituted alkylphenylselenides, the regiochemistry 
has been well established in the cases where the heteroatom 
77 ft7 f\f\ Pft 
is oxygen , sulphur or chlorine * . However, little is 
known about the reactions of selenides bearing a nitrogen func-
tional group on the p-position, the only report showing that 
89 in the oxidation of p-dimethylaminoalkylphenylselenide an 
elimination away from the dimethylamino group leading to ally-
lie amines is moderately favoured. 
?®P*^  30/ aq. H^O^ 
R'-CHo-CH-CH-R" > R'-CH=CH-CH-R" 
*- I THP I 
NHCOMe NHCQMe 
Keeping in view of the aforementioned applications of 
oxidation reactions it was considered of interest to subject 
the phenylselenenyl substituted fatty acids, prepared earlier 
(Chapter - 7), to oxidation by the use of 3-chloroperbenzoic 
acid (m-CPBA) as oxidizing reagent. 
Reaction of Methyl 9,12-epoxy-13-phenylselenenyloctadecanoate 
(XXIX) with m-CPBA (1 equivalent) 
Methyl 9,12-epoxy-13-phenylselenenyloctadecanoate (XXIX) 
was stirred with m-CPBA (1 equiv.) in dichloromethane. The 
progress of the reaction was monitored by TLC and IR. Final 
work up and fractionation of the reaction mixture yielded XXXIV as 
: 130 : 
a major product in quantitative yield. 
j^ ,^  Y ^w, .j^,, --2^-2 K-\^ ^^ ^^ ^ ^ Q / ^,, ./^^Y °^R" 
SePh 
(XXIX) 
R' = CH3-(CH2)3 
R" = (CH2)7-C00CH3 
R'» = CH3(CH2)2 
m-CPBA(l e q u i v . ) ^ 
CH/^Clrt R''*'\ ^
^ ^ ^ l> 
(XXXIV) 
Characterization of the Product (XXXIV) 
The liquid product (XXXIV) was analyzed for Cj^ gH^ O^^ . The 
IR spectrum exhibited characteristic strong bands at 1738 
(COOCH3), 1160 (1,4-epoxide)^^, 1240 and 1025 cm""'- (C-O-C). A 
diagnostic band of medium intensity at 965 was assigned to the 
presence of trans- double bond. Another weak band at 1640 was 
observed for C=C streching. The NMR spectrum displayed two 
multiplets ranging from d 5.5-5.7 for the two vinylic protons. 
It is obvious that both the signals are in part merged with each 
other. Vinylic proton at 0,3 envisaged to experience small 
deshielding owing to the attachment with 1,4-epoxide ring 
appeared at d 5.7, a little lower field than usual vinylic 
proton. However, other vinylic proton at C,^ appeared at its 
almost normal position. The two signals are so merged and 
: 131 : 
broad that the measurement of 'J value' could not be possible. 
The significant absorption was present at d 4.1-4.3 as broad 
multiplet integrating for two Cg and C,2'~'™^ 6'thine protons of 
the 1,4-epoxide ring. Another multiplet for six protons were 
observed at d 2.0 for 1,4-epoxide ring methylene protons 
HrtC—CHQ 
{4H, 2 V ) and C,^ methylene protons a to carbon-carbon 
double bond merged in part to the chain methylene protons. 
These spectral data are in good agreement to the structure of 
XXXIV as methyl 9tl2-epoxyoctadec-trans-13-enoate. 
Mass spectrum proved itself of great help and confirmed 
the structure of the compound (XXXIV) as well as position of 
double bond in the molecule. Molecular ion peak at m/z 310 was 
present, two significant mass ions present at m/z 267 and 253 
were functionality revealing as they arose from a and p cleava-
ges to olefinic linkage. Mass ion at 267 was indicative of the 
fact that double bond is at C,^ ^^^ ^14» which otherwise may 
have not been such a prominent peak. Two more important ions 
present at 113 and 153 were helpful in establishing the nature 
and position of ring. Other prominent peaks observed were at 
311(M+1), 279(310-0CH3), 135(153-H20), 221(253-CH30H), 203 
(22I-H2O), 239(267-CH2CH2), 235(267-CH30H), 217(235-H20), 293 
(M-OH) and 125[(CH2)7C00CH3-CH30H]. 
TWO salient mass peaks arising from molecular rearrangement 
were present at m/z 207 and 208 (Scheme - 10, Fig. 9). 
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267 253 
CHq — [CH^J^ ~~ 
153 
Mt 310 
(CH<.) 2^5 
m/z 207 
Scheme - 10 
: 132 : 
157 
(CH2)yC00CH3 
Hg-'-^^S 
m / z 208 
The reaction of XXIX was repeated with 2 equiv. of m-CPBA 
and the product was the same olefin (XXXIV). 
Reaction of Methyl 9,12-epoxy-13~phenylselenenyloctadecanoate 
(XXIX) with m-CPBA (5 equivalent) 
When the reaction of methyl 9,12-epoxy-13-phenylselenenyl-
octadecanoate (XXIX) was carried out with 5 equiv. of m-CPBA,a 
brown reaction mixture was obtained. The reaction mixture 
before work up showed a spot on TLC plate having a lower Rx-
: 133 : 
value than the spot of the substrate. After usual work up 
and chromatographic purification of the reaction mixture over 
silica gel gave only one product (XXXV) as an oil. This epo-
xide furnished another supporting clue towards the confirmation 
of the structure XXXIV. 
R' 
SePh 
R II 
m-CPBA(5 equiv.) 
R" Cni^Cl/-j 
R' 
R" 
R"' 
(XXIX) 
CH3-(CH2)3 
(CH2)7-C00CH3 
CH3-(CH2)2 
(XXXV) 
Characterization of the Product (XXXV) 
The product was analyzed for C^gHg^O^. A positive picric 
acid test and IR band at 885 cm" (trans-epoxide) indicated 
the presence of a trans-epoxide group. A band at 1160 cm" 
for 1,4-epoxide was observed along with other usual absorptions. 
Its NMR spectrum exhibited diagnostic structure revealing multi-
/ \ 
plet integrated for two protons at d 3.6-4.1 for H-C C-H. 
A broad multiplet was encountered from 2.5 to 2.8 (centered at 
: 134 : 
2.6) integrating for two C,^—C-,^ epoxy ring methine protons. 
Another six protons multiplet was found at d 2.0 for 1,4-epoxide 
ring methylene protons (4H) and C,c, methylene protons (2H). The 
data suggested the formulation of XXXV as methyl 9,12-13,14-
diepoxyoctadecanoate. 
Confirmatory evidence for structure of XXXV was furnished 
by its MS spectrum. Molecular ion peak was present at m/z 326. 
Absence of an abundant ion at m/z 157 indicated that oxirane 
oxygen position is not at 0-^2 Q^id Cio» The ion at m/z 269 prove 
it to be at C-io ^'^'^ ^14* Fragment at 269 emerged from cleavage 
a to epoxide along with ion at 257 arising from trans- annular 
92 fragmentation with concomitant hydrogen transfer . Some other 
prominent ion peaks were also observed at 327(M+1), 309(M-0H), 
308(M-H20), 294(M-CH30H), 295(M-0CH3), 209(227-H20), 195(227-
CH3OH), 177(195-H20), 239(257-H20), 241(257-0), 231(249-H20), 
237(269-CH30H) and 219(237-H20) (Scheme - 11, Fig. 10). 
CH3-(CH2)2-CH2 
269 
+H 
r* 
CH—I-
257 
•CH 
>0-
227 ,157 
CH/-J—(CHr) j c —CH^COOCH^ 
99 
M+ 326 
169 
Scheme - 11 
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: 135 : 
The epoxide XXXV was indentical to that which was obtained 
after m-CPBA (1.5 equiv.) epoxidation of XXXIV. 
Reaction of Methyl 9,12-epoxy-lC>--phenvlselenenyloctadecanoate 
(XXXI) with m-CPBA (1 equivalent) 
Methyl 9,12-epoxy-lO-phenylselnenyloctadecanoate (XXXI) on 
similar treatment with m-CPBA (1 equiv.) as described earlier 
finally yielded an oily product (XXXVI). It was characterized 
by microanalysis and spectral studies. 
m-CPBA(l equiv.) 
-= ¥ 
CHgClg 
R = CH3(CH2)4 
R'= (CH2)7C00CH3 
Characterization of the Product (XXXVI) 
Elemental analysis of XXXVI corresponded to the formula 
^19^34^3* ^^^ ^^ spectrum showed the disappearance of band at 
1578 for monosubstituted benzene. A diagnostic band at 1175 
for J^I\ grouping was observed. There was no band present at 
1600 cm" attributable to >C=C<. Its NMR spectrum exhibited a 
triplet at d 5.67 integrating for two vinylic protons. This 
: 136 : 
was assignable to C,Q and C,, vinylic protons, A broad multi-
plet for two methine protons at d 4.65 underneath ester signal 
was attributable to 1,4-epoxide ring protons. The elemental 
and spectral analyses established the structure of XXXVI as 
methyl 9,12-epoxyoctadec-10-enoate. 
Confirmatory evidence for the structure of XXXVI was fur-
nished by its mass spectrum. Molecular ion peak at m/z 310 was 
consistant with the molecular weight. Characteristic a-cleavage 
provided three mass ions at 239, 225 and 153. The other promi-
nent mass fragments were observed at 309 (M-H), 278 (M-CH3OH), 
279 (M-OCH3), 193 (225-CH3OH), 185 [+C-(CH2)7-C00CH3] and 113 
[CH^-(CH^)=-C+] (Scheme - 12, Fig. 11). 
O Z D III 
0 
239 225 
CH-3 — \ C H Q ) A •—~"~ C H Q (CH2)7C00CH3 
Mt 310 
Scheme - 12 
The reaction of XXXI was repeated with 2 equiv. of m-CPBA 
and the product was olefin (XXXVI). 
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Reaction of Methyl 9,12-epoxy-lO-phenvlselenenYloctadecanoate 
(XXXI) with m-CPBA (5 equivalent) 
The reaction of XXXI was carried out with 5 equiv. of 
m-CPBA as described earlier. After final work up and purifica-
tion over silica gel column, only one TLC homogeneous product 
(XXXVII) was obtained. 
SePh 
m-CPBA(5 equiu)^ 
CHrtClo 
^\>XO>XR. 
R = CH3(CH2)4 
R'= (CH2)7C00CH3 
(XXXVII) 
Characterization of the Product (XXXVIl) 
The microanalysis of XXXVIl corresponded to formula 
*^19^34^4' ^ positive picric acid test and IR bands at 1075 
and 870 cm"''- for A indicated the presence of two different 
types of epoxy groups. Its NMR spectrum had a characteristic 
broad multiplet for two methine protons at d 2.3 to 2,7 attri-
butable to C^Q and Cj^ j^  epoxide ring. The other two CQ, 0,2" 
epoxide ring methine protons were observed as broad multiplet 
: 138 : 
at d 3.6-4.2. On the basis of these spectral data the compound 
(XXXVII) was characterized as methyl 9,12-10,11-diepoxyocta-
decanoate. 
MS of XXXVII had the molecular ion present at m/z 326. 
TWO diagnostic mass ions present at ra/z 241 and 169 substan-
tiated the position and nature of the ring as shown in the 
(Scheme - 13, Fig. 12). Other prominent ions were present at 
295 (326-XH3), 196(294-CH3(CH2)5CH) and 166L251-CH3(CH2)5]. 
Other salient peaks were present at 327(M+1), 309(326-0H), 308 
(326-H2O), 296(326-CH0H), 294(326-CH30H), 279(295-0), 277(295-
H2O), 269[M-CH3(CH2)3], 253(295-CH--CH), 25l(294-CH~CH+H), 
237(255-H20),223(241-H20), 213(241-00), 211(241-CH0H), .209 
(241-CH3OH),. 207(223-0), 205(223-H20), 19l(209-H20), 185 
[+C-(CH2)7C00CH3] and 113 [+g-(CH2)5CH3]. 
0 255 /41 0 
CH'o~\CHn) A — — CHo (CH2)7C00CH3 
169 
Mt 326 
Scheme - 13 
This epoxide (XXXVII) was quite identical in all respect 
with that obtained by direct epoxidation of XXXVI with 1.5 
equiv. of m-CPBA. 
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Chapter - 9 
AITTIMICROBIAL ACTIVITY 
Antimicrobial Studies of Fatty Tetrazoles and Pyrazolines 
94 a The antimicrobial activity of various types of fatty acids 
94 b 
or fatty acid derivatives and oils has been studied by a 
number of investigators, using different techniques and orga-
95 
nisms. According to Kiesel the antimycotic action of 
saturated fatty acids increases as the number of carbon atoms 
in the chain increases upto eleven, and the branched chain 
fatty acids are less active than straight chain fatty acids of 
equal molecular weight. Tetsumoto ^ ^ ^ Wyass et al showed that the 
unsaturated fatty acids are more antimycotic than the corres-
100 ponding saturated fatty acids. Cowles found the bactericidal 
u 
action of fatty acids greater at low p and the long chain 
fatty acids more active than the short-chain fatty acids. 
101 Keeney e^ £l have observed that the long chain fatty acids 
are more fungicidal than the short chain fatty acids. Wyass 
99 
et al found that the antimycotic action of fatty acids 
increases with chain length upto 12 carbon atoms. McGowan 
102 
ejt _al suggested that the fungistatic activity of substituted, 
unsaturated' fatty acids is associated with the tendency of the 
: 140 J 
substituents to withdraw electrons from the ethylenic bond. 
103 Ahmad jet al have reported the antifungal activity of isori-
cinoleic acid derivatives and N-derivatives. 
The tetrazole derivatives of fatty acids reported in this 
thesis show antimicrobial activity against a variety of micro-
organisms. Previously in vitro studies of the majority of 
tetrazoles that possess significant antibacterial activity 
have a methyl group at 1-position of the tetrazole ring. It 
seems reasonable that other positions might impart broad 
spectrum antifungal and antibacterial activity. This led us 
to investigate derivatives of fatty acids in which the substi-
tution of methyl and phenyl group is at 5-position of the 
tetrazole ring. The results of in vitro studies of the above 
mentioned fatty tetrazoles are given in Table - 9. All the 
compounds (III, VI and IX - XVI) were screened for broad range 
antibacterial activity against Staphylococcus aureus, 
Pseudomonas aeruginosa. Micrococcus sp. and Escherichia coli at 
800, 600, 400 and 200 ppm concentrations and found to be lOOyi 
colonial growth inhibitors. 
The screening data obtained from a large group of 8 fungal 
species (Table - 9) and 4 bacteria in our initial screening, 
was to evaluate fatty tetrazole as future antibiotics. These 
data illustrates the effect of brominated and dehydrobrominated 
fatty tetrazoles having the substitution of methyl and phenyl 
group at 5-posltion. This structural change has a variable 
: 141 : 
effect on the activity against fungi and bacteria. In few 
cases the activity is decreased while the general trend is 
towards improvement of the antimicrobial activity. In view 
of the frequent observations in our laboratory, the brominated 
tetrazole analogous are the more active of the group tested 
than the dehydrobrominated. But there is a deviation from the 
above observation, the 2-(5'-methyl-lH-tetrazol-1-yl) oct-1-ene 
shows a 100 percent inhibition at all concentrationathan the 
brominated tetrazole. This shows that the presence of short 
methylene chain and the absence of carboxylic group may be 
responsible for its activity. 
Antimicrobial Activity of Fatty Pyrazolines 
As a part of a continuing interest in the potential anti-
bacterial, insecticidal and acaricidal properties of pyrazolines, 
we wish to report the antimicrobial activity of different 
substituted long chain fatty pyrazolines (XXIII, XXIV, XXV), 
reported in this thesis. 
The compounds (XXIII, XXIV and XXV) were screened for 
antifungal activity against Aspergillus flavus, A. fumiqatus, 
A. niqer, A. sydowii, Acremonium sp., Alternaria alternate, 
Curvularia clavata, Fusarium moniliforme. Cladosporium citrinum 
and Penicillium citrinum at 800, 600, 400 and 200 ppm. All 
three compounds (XXIII, XXIV and XXV) were active and showed 
lOC^ colonial growth inhibition on test fungi. The compounds 
: 142 : 
were also examined for antibacterial test against Staphylococcus 
aureus, Pseudomonas aeruginosa. Micrococcus sp. and Escherichia 
coli at the same concentration and showed 100j< colonial growth 
inhibition. 
Results indicated that compounds screened possess broad 
antimicrobial spectra and do merit further testing. 
Antimicrobial Activity 
Stock solutions {!'/.) of the test compounds were prepared in 
acetone. From the stock solutions concentrations of 800, 600, 
400 and 200 ppm were prepared in distilled water. Potato dex-
trose agar and tryptone broth agar were used for the cultures 
of fungi and bacteria, respectively. 10 ml of nutrient medium 
(agar + nutrient medium) was poured in petri dishes a eptically. 
0.3 ml of overnight culture of liquid medium was poured into 
test types containing 3 ml of soft medium (13 g TB + 7 g agar/ 
1000 ml). This inoculum was seeded on the agar plates. 0.2 ml 
of solution of the compounds was soaked on filter disces 
(Schleicher + Schuell no. 740 - E ^ " Diam) and the disces were 
kept on the seeded plates. Acetone solution (800 - 200 ppm) 
was used as control. The petridishes were incubated at 28+2 C 
for one week in case of fungi and at 37+2 C for 40 hrs for 
bacteria. After the incubation the petridishes were observed 
for inhibition zones and the radial growth was measured. 
Percent growth inhibition was calculated in respect to the 
: 143 : 
control. For each treatment ten replicates were run simulta-
neously with and without acetone to observe complete inhibitory 
effects of the compounds. 
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EXPERIMENTAL 
All melting points were taken on Kofler apparatus and are 
uncorrected. Spectroscopic (IR, NMR, Mass, UV) details and 
thin layer chromatographic procedure have been discussed in 
part one. Column chromatography was carried out with silica 
gel G (60 - 120 mesh) using 25 - 30 g per g of material to be 
separated. Elution was usually effected with petroleum ether 
with increasing proportions of diethyl ether. Abbreviation CN^ 
represents to tetrazole ring. Petroleum ether refers to a 
fraction of bp. 40 - 60 C. Anhydrous sodium sulphate (Na2S04) 
was used as drying agent. 
The starting materials used were either of Merck grade 
[undec-10-enoic, octadec-cis-9-enoic, stearic (octadecanoic) 
acid and 1-octene] or isolated from natural sources, 12-hydroxy-
octadec-cis--9-enoic (ricinoleic) and 9--hydroxyoctadec-cis-12-
enoic (isoricinoleic) acids from Ricinus communis and Wriqhtia 
tinctoria seed oils, respectively, following Gunstone's parti-
tion procedure^^. The methyl esters were prepared by the usual 
method (HVMeOH). Solvents required for reactions and purifica-
tion of the reaction products were dried and distilled before use 
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Reaction of Methyl undec-lQ-enoate (I) with Sodium azide 
and Acetonitrile 
Bromine (3.20 g, 0.02 mol) was added to a well stirred 
and cooled (O C) solution of ester (I), (3.96 g, 0.02 mol) and 
anhydrous aluminium chloride (2.68 g, 0.02 mol) in acetonitrile 
(120 ml). Within a few minutes sodium azide (NaN3)(1.43 g, 
0.022 mol) was added in portions. The reaction mixture was 
allowed to attain room temperature and stirred for 5 hr and 
filtered. Filtrate was diluted with water, extracted with di-
ethyl ether, dried (Na2S04) and solvent was evaporated. The 
crude mixture was resolved by silica gel column chromatography. 
Elution with petroleum ether-diethyl ether (95:5, v/v) gave II, 
(1.5 g, 16/.) as a liquid. IR (Neat): 1740 ( COOCH3) , 670 cm"-"" 
(C-Br). RVIR (CDCI3): d 3.95 - 4.4 m (3H, CH2-Br and CH-Br), 
3.75 s(3H,C00CH3),2.2 m(2H, CH2C0U) and 1.3 br s(chain-CH2-). 
Subsequent elution with petroleum ether-diethyl ether 
(60:40, v/v) gave III, (5.78 g, 80^) as a light brown oil. 
Analysis- (Found: C, 46.51; H, 6.62; N, 15.36jw| Calcd. for 
^14"25^4°2^^- C, 46.25; H, 6.97; N, 15.50^). IR (Neat): 1735 
(COOCH3), 1525, 1460, 1375 (N=N, C=N), 1235, 1080, 987(CN4 ring), 
665 cm" (C-Br). UV (Methanol): 9^^^ 215 nm. NMR (CDCI3): 
d 4.65 m (IH, CH-N ), 3.9 s(lH, '"^'^C-Br) and 3.8 dist. d (IH 
"a-- "b id 
H^^"^""' ^"^ "^^' ^'^ s(3H,C00CH3), 2.61 s(3H, I^ ^"CHa), 
2.3 m(4H, Cg methylene and 0^2000) and 1.28 br s (chain-CH - ) . 
Mass: Aft 362/360. 
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Reaction of 1-Qctene (IV) with Sodium azide and Acetonitrile 
To a well stirred and cooled (0 C) solution of the 
compound (IV), (2.20 g, 0.02 mol) and anhydrous aluminium 
chloride AICI3 (2.68 g, 0.02 mol) in acetonitrile (100 ml) 
bromine (3.20 g, 0.02 mol) was added. Within a few minutes 
NaNo (1.43 g, 0.022 mol) was added in portions to the reaction 
mixture at room temperature for 4.5 hr. The reaction mixture 
was worked up as described above and the reaction product 
chromatographed over silica gel. The first elution with petro-
leum ether yielded a liquid compound (V), (0.7 g, 15;^). IR 
(Neat): 668 cm""^  (C-Br). NMR (CDCI3): d 3.92 - 4.42 m(3H, 
CH2-Br and CH-Br), 1.25 br s (chain-CH2-) and 0.90 dist. t 
(terrainal-CH2). 
Further elution with petroleum ether-diethyl ether (65:35, 
v/v) gave an oil VI, (4.5 g, 82yi) , Analysis- (Found: C, 44.1; 
H, 6.8; N, 20.25><; Calcd. for C^^Hj^gN^Br: C, 43.66; H, 6.95; 
N, 20.36/.). IR (Neat): 1525, 1455, 1380 (N=N, C=N), 1255, 1088, 
985 (ON. ring), 665 cm""'- (C-Br) . UV (Methanol): V „^^ 215 nm. 
NMR (CDCI3): d 4.71 m(lH, CH-N ),3.91 s(lH, ~^C-Br) and 3.81 
H ^b ' 
dist. d (IH, ^'^C-Br, J=3 Hz), 2.61 s(3H, < > ^ * )» 2.10 m 
Mb ** 
(2H, C3 methylene), 1.28 br s (chain-CHg-) and 0.88 t (terminal-
CH3) Mass: Alt lit 111 A.. 
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Reaction of Methyl octadec~cis-9--enoate (VII) with 
Sodium azide and Acetonitrile 
In a similar manner using the conditions described above, 
a mixture of compound (VII), (5.92 g, 0.02 mol), anhydrous 
AICI3 (2.68 g, 0.02 mol), bromine (3.2 g, 0.02 mol) and NaN3 
(1.43 g, 0.022 mol) in acetonitrile (130 ml) was stirred for 
6 hr. After work up with dichloromethane (100 ml x 4), the 
combined extracts were washed with water, dried (Na2S04) and the 
solvent was evaporated off. The residue was chromatographed 
over silica gel. Elution with petroleum ether-diethyl ether 
(95:5, v/v) gave VIII (1.65 g, 18/.). IR (Neat): 1735 (COOCH3) , 
665 cm"-*- (C-Br). NMR (CDCI3): d 4.21 m (2H,2xCH-Br), 3.65 s 
(3H, COOCH3), 2.2 m (2H, CH2COO), 1.3 br s (chain-CH2-) ancl 
0.9 dist. t (terminal-CH3). 
Further elution with petroleum ether-diethyl ether (60:40, 
v/v) afforded IX (6.90 g, 75/) as a light brown oil. Analysis-
(Found: C, 54.78; H, 8.50j N, 11.95; Calcd. for C2iH2q^^02Bi: 
C, 54.90; H, 8.55; N, 12.20/). IR (Neat): 1735 ( COOCH3), 1535, 
1465, 1375 (N=N, C=N) , 1260, 1082, 985 (CN^ ring), 665 cm"-'" 
(C-Br). UV(Methanol): "^^^^ 212 nm. NMR (CDCI3): d 4.49 m 
(2H, Cg and C^Q methine protons), 3.7 s (3H,-C00CH3), 2.59 s 
^^"' V-ll "^ ), 2.21 m (4H,CH2 "^  ^ ° ^^4 ^ ^"9 and CH2COO), 
1.29 br s (chain-CH2-) ^"^ °-87 dist. t(terminal-CH3). 
Mass: Mt 460/458. 
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Reaction of Methyl undec-lQ-enoate (I) with Sodium 
azide and Benzonitrile 
The compound (X) was prepared from methyl undec-10-enoate 
(I), (3.96 g, 0.02 mol) in the same manner as described above 
except replacing the acetonitrile with benzonitrile (120 ml). 
After 6 hr stirring, the reaction mixture was worked up and on 
column chromatographic elution gave two products. Elution 
with petroleum ether-diethyl ether (95:5, v/v) gave II (1.20 g, 
ny.). Its spectral data were same as described earlier. 
Final elution with petroleum ether-diethyl ether (55:45, 
v/v) gave X, (5.6 g, 65>i) as an oil. Analysis- (Found: C, 
53.88; H, 6.26; N, 13.23;^; Calcd. for C-^gH2'jli^02BT: C, 53.93; 
H, 6.39? N, 13.2A'/.). IR (Neat): 1735 (COOCH3) ^  1530, 1400 
(N=N, C=N), 1255, 1080, 990 (CN4 ring), 1605, 780, 740, 700 
(aromatic ring) and 669 cm (C-Br). UV (Methanol): v^^^ 201 nm. 
NMR (CDCI3): d 7.35-7.82 m(5H,C^H5), 4.72 m (IH, CH-N ), 3.99 s 
(IH) and 3.88 dist. d (IH, J=4 Hz) for CHg-Br, 3.6 s (3H,COOCH3), 
2.2 m (4H, Cg methelene and CHgCCO) and 1.28 br s (chain-CH2-)• 
Mass: Mt 424/422. 
Reaction of Methyl octadec-cis-9-enoate (VII) with 
Sodium azide and Benzonitrile 
The reaction of methyl octadec-cis-9-enoate (VII), (5.92 g, 
0.02 mol) in benzonitrile (140 ml) was performed similarily as 
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in acetonitrile. Chromatographic separation of crude product 
gave methyl dibromoester (XII) (1.75 g, 19>i). The product 
(VIII) was found to possess the same microanalytical and 
spectral data as given earlier. 
Further elution with petroleum ether-diethyl ether gave 
XI (65:35, v/v) , (6.6 g, 63-/,) as a brown liquid. Analysis-
(Found: C, 59.74; H, 7.89; N, 10.69/.; Calcd. for Cj^H^j,N402Br: 
C, 59.88; H, 7.92; N, 10.74><) . IR (Neat): 1735 ( cpCX;H3), 
1535, 1375 (N=N, C=N), 1260, 1080, 995 (CN^ ring), 1605, 780, 
740 (aromatic ring) and 670 cm"^ (C-Br). UV (Methanol): V^ jj^ ^^  
201 nm. NMR (CDCI3): d 7.41 - 7.82 m (5H,C^H5), 4.55 m (2H, 
Cg and C^Q methine protons), 3.64 s (3H,C00CH3), 2.2 m (4H,CH2 
a to CN4 ring and CH2COO), 1.30 br s (chain-CH2-) a^ d 0.90 dist. 
t (terminal-CH3). Mass: Mt absent. 
Pehydrobromination of g-Bromotetrazoles (III, VI, IX, X and XI) 
General procedure 
A solution of tetrazole (0.005 mol each) was taken separa-
tely in ly. sodium ethoxide (50 ml) and maintained at 60 C. A 
2 hr of gentle refluxing at 60 C showed almost complete con-
version of starting material into a product showing single spot 
on TLC plate. The reaction mixture was cooled, diluted with 
water and acidified with acetic acid and extracted with diethyl 
ether (40 ml x 4). Combined ether extract was washed with water 
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and then dried over sodium suphate. Evaporation of solvent 
and column chromatographic purification furnished the dehydro-
brorainated product ( XII - XVI ) in quantitative yield. 
Reaction of III with Sodium ethoxide 
Reaction of III (2.24 g, 0.005 mol) with 1-/. sodium 
ethoxide was carried out as described above. Final work up 
and column chromatography purification on silica gel using 
petroleum ether-diethyl ether (95:5, v/v) afforded XII (1.80 g, 
98'/.) as a semisolid. Analysis- (Found: C, 58.83; H, 9.30; N, 
19.47>i; Calcd. for Cj^4H24N402: C, 59.33; H, 9.60; N, 19.77^). 
IR (Nujol): 1735 (COOCH3), 1658, 922 (-C=C-), 1525, 1440, 1380 
(N=N, C=N), 1271, 1085, 980 cm"-"" (CN^ ring). UV (Methanol): 0 
„^^ 210 nm. NMR (CDCl^): d 5.4 dist. t (IH, J=l Hz), 5.21 s 
(IH, CH2=C ), 3.58 s (3H,C00CH3), 2.58 s (3H, ^ C-CH3), 2.3 m 
(4H, Cg methylene and CHgCOO) 1 . 1.28 br s (chain-CH2-) ^"^^ 
0.88 dist. t (terminal-CH3). 
Reaction of VI with Sodium ethoxide 
The brominated tetrazole (VI), (1.81 g, 0.005 mol) was 
refluxed with 1-/. sodium ethoxide, yielded a light brown oil. 
Final work up with diethyl ether and column chromatographic 
purification with petroleum ether-diethyl ether (95:5, v/v) on 
silica gel G yielded a product (XIII), (1.37 g, 97.5><) as a 
brown oil. Analysis- (Found: C, 61.32; H, 9.03; N, 28.53>i, 
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Calcd. for C;LO%8^4' ^' 61.50; H, 9.80; N, 28.68/.). IR (Neat): 
1658, 915 (C=C-), 1520, 1380 (N=N, C=N), 1275, 1088, 987 cm""'-
(CN^ ring). UV (Methanol): \> jj^ ^^ ^ 211 nm. NMR (CDCI3): d 5.4 
dist. t (IH, J=l Hz) and 5.29 s (IH for CH2=C ), 2.54 s (3H, 
\ \ 
X.C-CH3) , 2.3 m (2H, C3 methylene), 1.28 br s (chain-CHg-) and 
0.88 dist. t (terminal-CH^). 
Reaction of IX with Sodium ethoxide 
The product (IX) (2.73 g, 0.005 mol) was refluxed with !•/. 
sodium ethoxide for 2 hr under the conditions described for III 
and VI. Purification over silica gel column using petroleum 
ether-diethyl ether (90:10, v/v), afforded XIV (2.28 g, 98;^ ) as 
a brown liquid. Analysis- (Found: C, 66.12; H, 9.81; N, 14.50yi; 
Calcd. for C2iH3gN402: C, 66.62; H, 10.11; N, 14.80-/). IR 
(Neat): 1740 (COOCH3), 1515, 1440, 1380 (N=N, C=N), 1278, 1080, 
980 (CN4 ring), 1670, 885 cm""^  (C=C). UV (Methanol): Oj^ ax 
210 nm. Mm (0001^): d 5.88 t(J = 7 Hz and 
/ \ 
1 Hz,-CH=C ), 3.62 s (3H,C00CH^), 2.45 s (3H, ,C-CHo), 2.3 m 
\ "^ _ ^ 
[6H,CH2 a to double bond (2xCH2)» and CH2COO], 1.28 br s (chain-
CH2-) and 0.87 dist. t (terminal-CH3). 
Reaction of X with Sodium ethoxide 
The reaction of X (2.60 g, 0.005 mol) with 1/ sodium 
ethoxide in the same manner as described above, yielded a light 
brown oil. It gave a single spot on TLC plate (negative 
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Beilstein test). The product was purified by column chroma-
tography using petroleum ether-diethyl ether (95:5, v/v) gave 
XV, (2.15 g, 98j<) as an oil. Analysis- (Found: C, 66.14; H, 
7.69; N, 16.06>i; Calcd. for Cj^9H26N402: C, 66.64; H, 7.70j N, 
16.36yi). IR (Neat): 1735 (COOCH3) , 16^5, 920 (-C=C-), 1525, 
1400 (N=N, C=N), 1280, 1090, 990 (CN^ ring), 780, 740 cm'"'-
(aromatic). UV (Methanol): ^ „^^ 204 nm. NMR (CDCl^): d 7.35 -
7.82 m (5H,C^H5), 5.39 dist. t (IH, J=l Hz) and 5.22 s (IH) 
for CH2=C , 3.6 s (3H,C00CH3), 2.2 m (4H, C^ methylene and 
CH2-COO) and 1.28 br s (chain-CH2-)• 
Reaction of XI with Sodium ethoxide 
The reaction of compound (XI) (3.04 g, 0.005 mol) with !•/. 
sodium ethoxide was carried out in the same manner as described 
earlier. The product thus obtained was purified by column 
chromatography using petroleum ether-diethyl ether (90:10, v/v) 
furnished XVI, (2.57 g, 97.5><) as a light brown oil. Analysis-
(Found: C, 70.37; H, 8.85; N, 12.41^; Calcd. for C25H4QN4O2: 
C, 70.87; H, 9.15; N, I2.71>i). IR (Neat): 1735 (CgOCH3), 1670, 
1520, 1400 (N=N, C=N), 1280, 1090, 985 (CN4 ring), 1605, 775, 
730 cm" (aromatic). UV (Methanol): "^^^^ 206 nm. NMR (CDClo): 
d 7.43 - 8.0 m (5H,C^5), 5.83 t (-CH=C , J=7 Hz), 3.6 s (3H, 
COOCH3), 2.28 m (6H, methylene protons a to double bond (2xCH<;j) 
and CH2CCO), 1.28 br s (chain-CH2-) and 0.90 dist. t(terminal-
CH3). 
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Preparation of t£ans-2-enoic Acid (xlXa) 
Synthesis of Methyl octadec-trans-2-enoic acid (XlXa) 
was carried out from stearic acid (XVII) following the method 
41 42a 
of Palameta and Prostenik as adopted in the author's 
laboratory. 
General Procedure 
Dry bromine (50 ml) was added drop by drop at 90 C in a 
period of 7 hr to a well stirred mixture of saturated acid 
(100 g) and red phosphorus (4.60 g). The mixture was vigorous-
ly stirred during the addition of bromine by using a mercury 
sealed stirrer. Heating was continued for 24 hr and the cooled 
solution was poured into cold water and left overnight. The 
solid product was filtered, taken up in ether, washed success-
ively with 10>i aqueous solution of sodium sulphite and dis-
tilled water and dried over sodium sulphate (Na2S04). The 
2-bromoacid obtained after evaporation of the solvent was 
heated under reflux with powdered potassium iodide (96 g) in 
95j< ethanol (700 ml) for 6 hr. To the cooled solution pota-
ssium hydroxide (64 g) was added and the contents were refluxed 
for 4 hr. Most of the alcohol was evaporated in vacuo and the 
residue diluted with water, acidified with hydrochloric acid 
(dilute) and extracted with ether. The combined diethyl ether 
extracts were washed with water and dried over anhydrous Na^ jSO^ . 
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After evaporation of the solvent, a mixture of a, p-unsaturated, 
2-h'ydroxy and 2-ethoxy acids was obtained. 
The 2-hydroxy acid (XXI) was separated from a,p-unsatura-
ted acid as copper chelate by treatment with cupric acetate 
in acetic acid and ethanol. The remaining two fractions 
obtained after removal of 2-hydroxy acid were separated by 
silica gel column chromatography to furnish the individual 
components. Elution with petroleum ether-diethyl ether (94:6, 
v/v) gave pure a, p-unsaturated acid (XlXa) as a colourless 
product, yields*-' 52.Oj^. Crystallization-petroleum ether-
ethanol (75:25, v/v). The 2-enoic acid on acid catalyzed 
esterification yielded its corresponding ester (XlXb). trans-2-
92 
octadecenoic acid (XlXa, mp 58-59 C, lit , mp 58.5 C). 
Analysis- (Found: C, 76.52; H, 12.90/.; Calcd. for C3^ gH3^ 02: 
C, 76.54; H, 12.13j<). XlXb IR(CCl4): 1730 (CgOCH3) , 1655 
(-CH=CH-) and 980 cm"-*- (trans-olefin) . NMR (CCI4): d 6.77 d d 
(1H,-CH=CH-C00CH3; J=15 and 5 Hz), 5.75 d (1H,-CH=CH-C00CH3; 
J=15 Hz, with a small long range coupling, trans-olefinic 
proton) 3.71 s (3H,-C00CH3), 2.25 m (2H,-CH2-CH=CH), 1.26 br s 
(chain-CHg-) and 0.86t(3H, terminal-CH3). 
Preparation of Methyl octadec-4-oxo-trans-2-enoate (XXII) 
A solution of chromium trioxide was prepared by addition 
of chromium trioxide (5 g, 0.05 mol) in small portions to a 
mixture of glacial acetic acid (25 ml) and acetic anhydride 
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(12.5 ml) . The solution was diluted with benzene (25 ml) 
under cold conditions. Compound (XlXb), (2.68 g, 0.01 mol) in 
benzene (5 ml) was added drop by drop with constant stirring 
in the solution of above reagent. The reaction mixture was 
kept below 15 C. The compound(XIXb) was consumed within 2 hr 
as monitored by TLC. The reaction mixture was diluted with 
water, neutralized with an aqueous solution of sodium hydroxide, 
extracted with diethyl ether and dried. After evaporation of 
solvent and crystallization from hexane, white crystalline 
product (XXII, 84j^  mp 68 C) was obtained. Analysis- (Found: C, 
73.5? H, 10.03>i; Calcd. for C.j^ 9H3403: C, 73.35; H, 9.98^). 
IR (KBr): 1735 (cgOCH3), 1665 (-Cg-CH=CH), 1645 (-C=C-) and 995 
(trans-olefin), 1260, 1210, 1180 cm"""- (C-0 stretching). ^ "^^g^^ 
220 nm. NMR (CDCI3): d 7.05 d (1H,-CH=CH-C00CH3; J=16 Hz), 
6.54 d (IH, -CH=CH-C00CH3J J=16 Hz), 2.50 m (2H,-CH2-C0-), 
1.30 br s (chain-CH2-) and 0.90 t (terminal-CH3). 
General Procedure for Preparation of Fatty Pyrazolines 
A solution (1 g» 0.0032 mol) of methyl octadec-4-oxo-
trans~2-enoate (XXII), hydrazine/substituted hydrazines and 
acetic acid (2 ml) in benzene (20 ml) were refluxed at 70 C in 
nitrogen atmosphere. Benzene was removed under reduced pre-
ssure. The reaction mixture was diluted with diethyl ether 
and washed successively with by. aq. solution of sodium bicarbo-
nate. It was dried over anhydrous sodium sulphate. Evaporation 
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of the solvent followed by preparative TLC on silica gel 
(Petroleum ether-diethyl ether-acetic acid, 50:50:1, v/v) of 
the residue gave XXIII, XXIV and XXV. Compounds prepared by 
this method are given below. 
Reaction of XXII with Hydrazine 
Reaction of XXII (1 g, 0.0032 mol) with hydrazine (0.6 g, 
0.0187 mol) in benzene (20 ml) and acetic acid (2 ml) at 70 C 
for 4 hr furnished XXIII, (1 g, 95.7><) as a light brown vis-
cous oil. Analysis- (Found: C, 70.30; H, 11.20; N, 8.58yi; 
Calcd. for C3^gH3^N202: C, 70.32; H, 11.18; N, 8.63/.). IR(Neat): 
3270 (NH), 1725 and 1620 cm""'- (C=C). MMRCCDCy: d 6.52 d(Hg,J=5Hz), 
3.67 m(Hb), 3.74 s(3H,COOCH3), 2.3 m(2H,CH2 a to the ring), 
2.08 m and 1.88 m (2 x NH, D2O exchangeable, 1.25 br s(chain-
CH2-) and 0.88 t(terminal-CH3). Mass : Mt absent. 
Reaction of XXII with Phenylhydrazine 
Reaction of XXII (1 g, 0.0032 mol) with phenylhydrazine 
(2 g, 0.0185 mol) in benzene (20 ml) and acetic acid (2 ml) at 
70 C for 6 hr afforded XXIV, (1.1 g, 85.3/.) as a viscous oil. 
Analysis- (Found: C, 74.91; H, 10.10; N, 6.93/; Calcd. for 
^25"40^2°2- ^' 74.95J H, 10.06; N, 6.99/). IR (Neat): 3300 
(NH), 1725 (CgOCH3), ^ ^^0 (C=C), 1540 (C-N), 1600, 1505, 750 
and 690 cm"!. NMR (CDCI3): d 7.2 br m (C^^), 5.91 d (Ha,J=15H2), 
3.68 d (Hb), 3.72 s (3H,C00CH3), 2.34 m (CH2 « to the ring), 
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1.91 br s (NH), 1.25 br s (chain-CH2-) and 0.89 t (terminal-CH-,) 
Mass: Mt absent. 
Reaction of XXII with Tolylhydrazine 
A similar reaction of methyl octadec-4--oxo-trans-2-enoate 
(XXII),(1 g, 0.0032 mol) with tolylhydrazine (2.25 g, 0.0184 mol) 
was carried out as described earlier, afforded XXV, (1.2 g, 
90.2>i) as a viscous brown oil. Analysis- (Found: C, 75.38; 
H, 10.25; N, 6.68yi; Calcd. for C26H42N202- ^» 75.31; H, 10.21; 
N, 6.76/.). IR (Neat): 3320 (NH) , 1730(ester) , 1615(C=€) ,1600,1510, 
820 (disubstituted benzene) and 1545 cm"''- (C-N). NMR (CDCI3): 
d 7.2 br m (C^H^) , 5.78 d(Ha, J=16 Hz), 3.65 dCHjg) , 3.7 s(3H,estei 
2.32 m (2H,CH2 « to ring), 2.23 s (3H,CH3), 1.65 br s (NH, D2O 
exchangeable), 1.28 br s (chain-CH2-) and 0.88 t (terminal-CH^). 
Mass: Mt absent. 
Reaction of Methyl octadec-cis-9-'enoate (VII) with PhSeCl 
Methyl octadec-cis-9~enoate (VII) (1.48 g, 0.005 mol) was 
introduced into a stirred dark red solution of phenylselenenyl 
chloride (0.95 g, 0.005 mol) in acetonitrile (100 ml) until 
the colour changed to pale yellow. Then p-toluenesulphonic 
acid (0.86 g, 0.005 mol) and water (4.5 ml, 0.025 mol) were 
added and the resulting mixture was stirred under reflux for 
1 hr. Complete conversion of starting material was evidenced 
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by TLC. Reaction mixture was worked up with dichloromethane, 
washed with water, and then dried (Na2S04). Both the products 
have a lower R£ than starting material. 
The oil was subjected to silica gel column chromatography 
and elution with petroleum ether-diethyl ether (94:6, v/v) gave 
XXVI, (1.46 g, 60^) as a liquid. Analysis- (Found: C, 61.48; 
H, 8.4j<; Calcd. for C25H4-,^ 020136: C, 61.40; H, 8.5;^). IR 
(Neat) : 1730 (COXH3) 1595, 740 (benzene C-H str.), 1430, 
1050, 690 (C-0) and 700 cm""*- (C-Cl) . NMR (CDCI3): d 7.15 ra 
(3H, JQ\ )» 7.05 m (2H, "|$J ), 3.89 m (1H,CH-C1), 
3.65 s (3H,-C00CH3), 3.2 m (lH,-CH-SePh), 2.2 m (2H,CH2C00), 
1.40 br s (chain-CH2-) i^^cl 0.90 t (terminal-CH3). 
Subsequent elution with petroleum ether-diethyl ether 
(90:10, v/v) gave XXVII, (1.02 g, 40^ <) as a brown semisolid. 
Analysis- (Found: C, 63.5; H, 8.9; N, 13.99j<j Calcd. for 
CgyH^^NOgSe: C, 63.38; H, 8.86; N, 14,0/). IR (Neat): 3250 
(-NH), 1650 (NHCOCH3), 1735 (cgOCH3), 1595, 740 (aromatic C-H 
str.), 700 cm""^  (C-Cl) . NMR (CDCI3): d 7.6 m (3H, (Q) ), 
7.25 ra (2H, ^Qj ), 5.62 d (1H,NHC0CH3, D2O exchangeable), 
4.2 m (-CH-NHCOCH3), 3.7 s (3H,-C00CH3), 3.20 m (lH,CH-SePh), 
1.98 s (3H,NHC0CH3), 1.43 br s (chain-CH2-) and 0.90 t (termi-
nal-CH3). Mass: Mt 511 (absent). 
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Reaction of Methyl 9-hydroxyoctadec~cis-12-enoate 
(XXVIII) with PhSeCl 
Methyl 9~hydroxyoctac[ec-ci_S"12-enoate (XXVIII), (1.56 g, 
0.005 mol) was dissolved in dry CH^CN (50 ml) and added to it 
a solution of PhSeCl (0.95 g, 0.005 mol in 10 ml of CH3CN). 
After 30 min stirring, the product was extracted with diethyl 
ether. The ethereal extract was washed with water, and then 
dried over anhydrous Na2S04. The solvent was removed under 
reduced pressure to give a light yellow oil. The compound 
gave a distinct spot at higher Rx- value than the substrate. 
The column chromatographic purification of reaction mixture on 
silica gel yielded only one product (XXIX), (2.29 g, 98>i) as 
an oil. Analysis- (Found: C, 63.6; H, 8.3j^  Calcd. for 
^25^40^3^®* C, 64.08; H, 8.60>i). IR (Neat): 1738 (COOCH3) , 
1580 (aromatic C-H str.), 1110 (1,4-epoxide) 1070 and 1020 cm'"'" 
(C-O linkage). NMR (CDCI3): d 7.5 m (3H, J^Q}^ )» '^•l^ m 
H . H I V 
" N Q Y ^ ) , d 3.95 m (2H, H - C ^ ^ ""^i ), 3.6 s (3H,C00CH3), 
HrtC —CH^ 
3.12 br m (lH,CH-SePh) , 1.85 m (4H, ""/ V ), 2.26 m 
(2H,CH2C05), 1.39 br s (chain-CHg-) and 0.9 t (terminal-CH3). 
Reaction of Methyl 12-hydroxyoctadec-cis-9~enoate 
_(XXX) with PhSeCl 
To a solution of XXX,(1.56 g, 0.005 mol) and acetonitrilt 
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(50 ml), phenylselenenyl chloride (0.95 g, 0.005 raol) was 
added and the reaction was carried out as described above. 
After usual work up, the mixture of products now obtained 
showed three distinct spots on TLC. One product at higher R^ 
than the starting material was observed on a TLC plate while 
the other two spots showed their more polar nature. The oily 
mixture of the products was chromatographed over a column of 
silica gel and eluted with petroleum ether-diethyl ether 
containing increasing amount of diethyl ether as moving phase. 
Eluted material was monitored by TLC. Elution with petroleum 
ether-diethyl ether (96:4, v/v) gave XXXI, (1.05 g, 45/.) as a 
viscous oil. Analysis- (Found: C, 64.2; H, 8.3;^ ; Calcd. for 
^25"40°3^^* ^' "^^ 'OQ* "' 8.60>i). IR (Neat): 1735 (CgOCH3), 
1575 (benzene ring), 1160 (1,4-epoxide grouping), 1070 and 
1020 cm"-"- (C-0). NMR (CDCI3): d 7.5 m (^ H, fol ), 7.2 m 
(2H, T o T )» 3.7 m (2H,H-C^ C-H ), 3.6 s (3H,C00CH3), 
H C-^CH—SePh 
3.0 m (lH,-CH-SePh), 2.25 m (2H,CH2C00), 1.85 m (2H,-2/ \ ), 
1.35 br s (chain-CH2-) and 0.90 t (terminal-CH3). Mass: 
Mt 468. 
Further elution with petroleum ether-diethyl ether (90:10, 
v/v) a viscous oil was obtained XXXII, (0.80 g, 32;^). Analysis-
(Found: C, 59.5; H, 8.2ji; Calcd. for C^^H^^O^ClSe: C, 59.45; 
H, 8.18><). IR (Neat): 3300 (-0H), 1730 (COOCH3) , 1580, 1165, 
1010, 740 (aromatic) and 700 cm"^ (C-Cl). NMR (CDCl^): d 7.55 m 
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(3H. "^^inf )» 7.25 m (2H, JOJ^ ) , 4.1 m (1H,-<:H-), 
CI 
3.55 in (1H,-CH-, merged in part to the ester signal), 3.6 s 
OH 
(3H,C00CH^), 3.1 m (lH,CH-SePh), 2.42 br s (1H,-CH-, D2O 
"" OH 
exchangeable), 2.25 m (2H, C^i methylene protons), 1.25 br s 
(chain-CH2-) and 0.90 t (terminal-^H3). 
The last product (XXXIII) was obtained by eluting with 
petroleum ether-diethyl ether (80:20, v/v) as a semisolid 
(0.55 g, 23/.) • Analysis- (Found: C, 61.6; H, 8.8j<j Calcd. for 
C^^H^2^^Se: C, 61.70; H, 8.70/). IR (Neat): 3300 (OH), 1735 
(COOCH3), 1578 (aromatic ring) and 1020 cm" (C-0 str.). NMR 
(CDCI3): d 7.5 m (3H, f o ] ^ ), 7.2 m (2H, " N Q T ^ ^ ' ^'^^ 
br m (1H,-CH'CH-), 3.15 br m (1H,-CH-), 3.7 s (3H,C00CH3), 
OH SePh SePh 
3.6 m (1H,-CH~ methine proton, merged in part to the ester 
OH 
signal), 2.45 br s [2xCH-(0H)-, extinguished on D2O shake], 
2,25 ra (2H, C^-^ methylene protons), 1.35 br s (chain-CH2-) and 
0,90 t (terminal-CH3). 
Reaction of Methyl, 9yl2~epoxy~13-phenylselenenyloc_tadecanoate 
(XXIX) with m-CPBA (1 equivalent) 
Methyl 9,12-epoxy-13-phenylselenenyloctadecanoate (XXIX), 
(0.467 g, 0.001 mol) was dissolved in CH2CI2 (30 ml) and cooled 
in ice bath to 10 C and stirred. To this ice-cooled stirring 
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reaction mixture, m-CPBA, (0.172 g, 0.001 mol) (Koch-light 
Laboratories Ltd., Coinbrook Bucks England) was added in frac-
tions during 30 min. Stirring was continued for another 30 min. 
Complete conversion of starting material was evidenced by TLC. 
Reaction mixture was worked up with CH2CI2 after adding sodium 
bisulphite, washed with sodium bicarbonate, water and then 
dried (Na2S04). A product of higher R^ value than 
starting material was purified by silica gel column chromato-
graphy into XXXIV., (0.30 g, 98yi) using petroleum ether-diethyl 
ether (95:5, v/v) as an eluant. Analysis- (Found: C, 77.57; 
H, ll.Q?<; Calcd. for Cj^9H3^03: C, 77.50jH, 11.03;^). IR (Neat): 
1738 (COOCH3), 1160 (1,4-epoxide), 1240, 1025 and 965 cm" 
(trans- ^C=cC ). NMR (CDCl^): d 5.5 - 5.7 m (2H, vinylic pro-
tons), 4.1 - 4.3 br m (2H, HC ^  J: H ), 2.0 m (6H7^/ V"^  and 
2H,-CH2-CH=CH-), 3.6 s (3H,C00CH3), 2.3 m (2H,CH2CC)0) , 1.35 
(chain-CH2-) and 0.92 t (terminal-CH3). Mass Mt 310. 
When the reaction of methyl 9,12-epoxy-13-phenylselenenyl-
octadecanoate (XXIX), (0.476 g, 0.001 mol) was carried out 
with (0.344 g, 0.002 mol) of m-CPBA resulting the formation of 
a single product on TLC. The reaction mixture was purified by 
silica gel column chromatography to afford the sole component 
(XXXIV) in (0.303 g, 98><) as an oil. Microanalysis and 
spectral data of this compound was same as that of obtained 
from one equivalent of m-CPBA. 
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Reaction of Methyl 9»12-epoxy-13--phenylselenenvloctad&canoate 
(XXIX) with jS-CPBA (5 equivalent) 
A reaction of methyl 9,12-epoxy-13-phenylselenenylocta-
decanoate (XXIX), (0.476 g, 0.001 mol) and m-CPBA (0.860 g, 
0.005 mol) was carried out under similer conditions as des-
cribed earlier. The reaction mixture on usual work up as 
described earlier yielded a product, which on purification with 
petroleum ether-diethyl ether (90:10, v/v) gave (0.317 g, 
97.5^) as an oil (XXXV). Analysis- (Found: C, 70.Oj H, 10.3/.; 
Calcd. for Cj^<^H24^4i C, 69.9J H, 10.5>i). IR (Neat): 1735 
(COOCH3), 1160 (1,4-epoxide) and 885 cm (trans-epoxide). 
NMR (CDClo): 6 3.6 - 4.1 br m (2H,H-C^ .CH ), 3.6 s (3H, 
COOCH3), 2.5 - 2.8 br m (2H,HC - CH), 2.0 m (6H,HX~QH2 , and 
2H,CHp-CH - CH-), 2.25 m (2H,CH5CdO), 1.35 br s (chain-CHo-) 
and 0.90 t (terra!nal-CHg). Mass: Mt 326. 
In another set, the reaction of methyl 9,12-epoxyoctadec-
trans-13-enoate (XXXIV) (0.310 g, 0.001 mol) with m-CPBA (0.258 g, 
0.0015 mol) employing the above mentioned procedure resulted in 
the formation of a single product of lower R^ value than the 
starting olefin (XXXIV). The elution with petroleum ether-
diethyl ether (90:10, v/v) gave product(XXXVi, (0.317 g, 97.5><). 
This product had identical properties to that of obtained from 
XXIX. 
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Reaction of Methyl 9«12--epoxv-10-'Phenylselenenvl~ 
octadecanoate (XXXI) with m-CPBA (1 equivalent) 
Methyl 9,12-epoxy-lO-phenylselenenyloctadecanoate (XXXI), 
(0.467 g, 0.001 mol) was treated with m-CPBA (0.172 g, 0.001 
mol) under the conditions described above except prolong 
reaction time (1 hr). After usual work up and evaporation of 
solvent, an oily reaction mixture was obtained, which on column 
chromatography using petroleum ether-diethyl ether (95:5, v/v) 
produced a product (XXXVI), (0.303 g, 98><) as a viscous oil. 
Analysis- (Found: C, 74.0; H, ll.X)yit Calcd. for C.L9H3403: 
C, 73.50f H, 11.03><). IR (Neat): 1745 (COOCH^) , 1175 cm"""-
( / A ). NMR (CDCI3): d 5.67 t (2H, ) \ ), 4.65 br m 
(2H,H-C C-H ), 3.6 s (COOCH^), 2.25 m (2H,CHoC00), 1.35 
br s (chain-CH2-) ^^^ 0*90 t (terminal-CH3). Mass: Mt 310. 
Methyl 9,12-epoxy-lO-phenylselenenyloctadecanoate (XXXI) 
(0.467 g, 0.001 mol) in dichloromethane (30 ml) was stirred 
during the addition of m-CPBA (0.344 g, 0.002 mol) at 10 C for 
1 hr. Reaction mixture on usual work up afforded an oil. 
Purification over silica gel column gave XXXVI, (0.303 g, 98>i) 
as a viscous oil. The product isolated had the identical 
values to that of XXXVI. 
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Reaction of Methyl 9tl2-epoxy-lQ-phenylselenenyloctadecanoate 
(XXXI) with jn-CPBA (5 equivalent) 
Reaction of XXXI, (0.467 g, 0.001 mol) with m-CPBA (0.860 g, 
0.005 mol) was carried out for 30 min in dichloromethane. The 
reaction conditions were the same as detailed earlier. The 
analytical TLC plate showed a single spot at lower R^ value 
than the substrate. Silica gel column chromatographic purifi-
cation using petroleum ether-diethyl ether (90:10, v/v) gave 
XXXVII, (0.317 g, 97.5^). Analysis- (Found: C, 70.0; H, 10.5j<j 
Calcd. for ^^^^^^40^'' C, 69.9; H, 10.49;^). IR (Neat): 1745 
(COOCH3), 1075 and 870 cm"-*- ( / \ ) • NMR (CDCI3): d 3.6 - 4.2 
br m (2H, s f \ ), 3.55 s(3H,C00CH3) , 2.3 - 2.7 br m (2H, 
H-C h-H )» 2.25 m (2H,CH^C0'5) , 1.35 br m (chain-CH2-) and 
0.90 t (terminal-CH3). Mass: Mt 326. 
Methyl 9,12-epoxyoctadec-lO-enoate (XXXVI) (0.467 g, 
0.001 mol) and m-CPBA (0.258 g, 0.0015 mol) were allowed to 
react for 30 min, under similar conditions as described earlier. 
Completion of the reaction was evidenced by TLC. Final work up 
and purification by silica gel column chromatography afforded 
XXXVII, (0.317 g, 91 .b-/.) as a liquid. The product separated 
was found to have the same properties as XXXVII. 
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